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INTRODUCTION 
Mutagenesis, a key area of genetical research, occupies a 
prime position in biological researches. It is the most important 
method for inducing alterations in the genotype to enlarge the 
variability of quantitative and qualitative characters in a shortest 
possible time and provide good scope for selection. Mutation 
induct ion can supply the breeder with unse lec ted genetic 
variability, and thus allow him to exploit probably the whole 
potential range of germplasm, not only the part favoured by 
natural evolution, ancient plant selection or more recent plant 
breeding activities. Thus, mutation breeding can play a unique 
role for crop improvement supplementing other approaches. 
In n a t u r e muta t ion , whether chromosomal or genie 
constitute one of the primary source of variation on which the 
n a t u r a l select ion ope ra t e s . To u n d e r s t a n d muta t ion is to 
unde r s t and the fundamental aspect of basic processes and 
principles that provide us with a vast spectrum of life forms. 
Logically, an enquiry into the causes and sites where mutation 
ope ra te s mus t lead to the molecular level of the genetic 
material, the DNA as has been done in the recent years. So far 
as the induced mutation is concerned, it could be caused by 
the di rect hit of the gene or th rough DNA damage or 
immobilisation of the specific enzymes concerned with DNA 
repair mechanism. The variations encountered with many of the 
agronomic characters such as yield are of continuous type and 
have r e su l t ed from the polygenic in te rac t ion with the 
env i ronment . Individual gene effects con t r ibu t ing to the 
expression of these characters are too small to be recognised 
and evaluated separately by the classical method. 
Information on the nature of generation controlling the 
economic characters is of crucial value in any plant breeding 
programme. The two important stages of most, if not all, plant 
breeding programmes are (1) Selection within a base population 
of genetically variable individuals or families and (2) Utilization 
of the selected material for the creation of the new population 
to be employed either as commercial varieties or as the base for 
the creation of new population. At both stages, a knowledge of 
the genetic architecture of the character under improvement is 
essential for breeder. 
The induction of mutation has been accepted as a useful 
tool in the plant breeding programme. The success in plant 
improvement programme however, depends bas ica l ly on 
controlling and directing the induced mutation process for the 
production of desired mutations. One of the chief advantage of 
mutation breeding is the ability to improve a single feature in a 
variety without significantly altering the otherwise desirable make 
up of agronomic characters . Another advantage of mutation 
breeding is the creation of variability which enhances the scope 
for selection. 
Most of the plant attributes of interest to a plant breeder 
are quantitative which are controlled by polygenic interaction. In 
these situations the efficiency of selecting the desired mutant is 
generally lower than for specific characters which are controlled 
by a single gene. Micromutations produce genetic variability in 
quantitative characters of the crop plants. Hence, they deserve 
full attention of plant breeders. Such mutations are useful for 
improving quantitative inherited trails. 
In view of the present advancement in our knowledge of 
gene and genetic variation, our ability to create variation by 
induction of mutation has been increasing. The idea of inducing 
mutation artifically and utilising them for breeding was put 
forward as early as 1901 by Hugo de Vries. The proof of 
ionizing radiation producing mutations was presented by Muller 
(1927) in fruit fly. Stadler (1928) produced mutations in barley 
and maize, Ganger and Blakeslee (1927) in Datura stramonium 
and Goodspeed (1929) in Nicotiana by X rays and gamma rays. 
Discovery of chemical mutagens during the forties opened 
new vistas of understanding the nature of the gene and the 
nature of the mutation process (Auerbach, 1943). Now there are 
h u n d r e d s of synthe t ic chemica ls which have been used 
extensively and found to be highly mutagenic in var ious 
organisms. 
The use of chemical mu tagenes i s in ag r i cu l tu re for 
improving the crop p lan ts presented a new depar ture from 
conventional methods. In conventional breeding methods, the 
s tore of n a t u r a l var iabi l i ty e i ther p resen t in the sample 
populat ion initially or introduced through hybridizat ion, is 
subjected to recombination and selection and the frequency of 
favourable combinations of gene is thereby increased and fixed. 
Mutation breeding helps in inducing a greater variability in 
various plant characters in a comparatively, shorter time. This 
accelerates the breeding programme but does not dispense within 
the conventional breeding methods. Only through a careful 
screening and selection, the range of genetic variability induced 
by the chemical mu tagens can be exploited for obta ining 
desirable lines. 
By using different chemicals different kinds of mutations 
can be induced in the genome of a plant. These chemicals react 
with the bases of the DNA and cause chromosome breaks and/ 
or point mutations and have been divided into different groups 
due to their structure and mode of action. Both organic and 
inorganic mutagens exist. The most used chemical mutagens are 
the alkylating agents. These chemicals react readily with purines, 
pyrimidins and phosphates. 
The most preferred alkylating agents are e thylmethane 
sulphonate (EMS), methylmethane sulphonate (MMS) and N-
methyl-N-nitrosourea (NMU). The main product of alkylation of 
nucleic acids is 7- alkyl guanine which can base pair with 
thymine yielding a G to A alteration but sometimes T to C 
a l te ra t ions by the formation of 4-ethyl-thymine can occur. 
Another effect of alkylating agents is depurination which causes 
a gap in one of the nucleic acid strands and as a result of 
deletion or a random incorporation of either one of the four 
bases can occur during replication. Depurination can also lead 
to chromosome breaks if no nucleotide is introduced in the gap. 
Sequencing evidence from Arabidopsis of G to A t ransi t ions 
(Dolferus et al., 1990; Niyogi et al., 1993, Orozco et al. 1993) 
and T to C (Dolferus et al, 1990, Giraudat et al, 1992, Dehio 
and Schell, 1993) exist. 
Also other types of chemicals can be used for mutagenesis 
of plants. One type of mutagens are the base analogues which 
are incorporated during replication. Examples are the thymine 
analogue, 5-bromo uracil and the adenine analogue, 2-amino-
p u r i n e . The r e sp i ra t ion inhib i tor , azide can also induce 
m u t a t i o n s . Azide is metabol ized to the organic molecule 
azidoalanine which caus.es the mutations. Other chemicals that 
can induce mutations are hydroxylamine, nitrous acid, nitroso-
methyl urea (NMU) and acridines. 
Chemical and physical mutagenesis cause different mutation 
spectra. Physical mutagenesis often causes structural changes in 
chromosomes and chromosome breaks are often found randomly 
in the genome. The use of chemical mutagens also give rise to 
chromosome breaks but to a lesser extent than with irradiation 
m u t a g e n e s i s and with a higher regional specifici ty. The 
heterochromatin is the most susceptible part for chromosome 
breaks . Chemical mutagenesis might also cause sterility in 
treated plants. 
Chemical mu tagenes i s h a s both advan tages and 
disadvantages compared to physical mutagenesis and transposon/ 
T-DNA insertions. Transposons and T-DNA insertions usually 
creates a null-mutation of a gene which if gene is of profound 
importance in growth or development might be lethal. Chemical 
mutagenesis is often causes point mutations which probably do 
not lead to a null-mutation but rather an altered expression or 
activity of the gene product and therefore also a viable but 
mutated plant. The induced mutations are more or less random 
a l though a higher degree of m u t a t i o n s are found in the 
heterochromatin. The handling of chemical mutagens is often 
laborious and several of the mutagens may also be mutagenic to 
humans. Despite that care must be taken to avoid exposure. 
Although the chemical mutagenesis has been used for more 
than fifty years with only minor modifications it is still an 
important method for creation of mutations. In combination with 
modern molecular biology techniques, chemical mutagenesis might 
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serve a s a va luab l e tool in physiological , morphologica l and 
genetical s tudies . 
Fenugreek, commonly known as "methi" is an important self 
po l l ina ted , m u l t i p u r p o s e (vegetable, cond imen t , m a n n u r e and 
med ic ina l ) c a s h c rop of s h o r t d u r a t i o n , be long ing to family 
Leguminosae (Fazli and Hardman, 1978; Rathee et al. 1980). It 
i s main ly d i s t r i b u t e d in m e d i t e r r a n e a n region, Eu rope , Asia, 
sou th Africa and Aust ra l ia . It is cul t ivated t h r o u g h o u t India, 
mainly a s condiment crop, the seed being used extensively in 
Indian cookery as a condiment or spice. 
There are two types of methi, which are commonly used as 
condiment. 
1. Ordinary methi or Desi methi (Trigonella foenum-graecum L.) 
2. Scented methi or kasur i methi (Trigonella corniculata L.) 
New type of both desi and Kasuri methi have been released 
by lARI, New Delhi. Those of Desi methi are-
1) Pusa early branching , which requires 125 days to ma tu re 
and 
2) Pusa late type, E.C. 4911 which matures in 165 days. 
An improved type of Kasuri methi has been released under 
the name kasu r i selection. It gives six cut t ings and a yield of 
8,960 Kg. of methi per hectare. 
In India, methi is raised as a cold season crop. The best 
t ime for s o w i n g i s l a t e O c t o b e r w h e n t h e da i ly a v e r a g e 
tempera ture ranges from 25-30°C. It is grown as a cover crop 
and also in rotation with maize, cotton and sugarcane. 
Trigonella foenum-graecum (Desi methi) and Trigonella 
corniculata (Kasuri methi) both are aromatic annuals, but they 
differ in their growth habi ts . "Kasuri" methi is intially slow 
growing and remain more or less in rosette condition during 
most of the vegetative period. The flowers in Desi methi are 
white and the pods are straight 6-7 cms. long. Kasuri methi 
bears orange yellow flowers and smaller sickle shaped pods 
which are grouped into c l u s t e r s . Unlike Desi methi the 
cu l t iva t ion of k a s u r i methi is confined to North India , 
particularly Punjab and Rajasthan. 
The scented seeds contain vitamins A, B \ C, iron and 
minerals. Diosgenin, a steroid sapogenin found in fenugreek is 
the s t a r t i n g compound for over 60% of the to ta l s teroid 
production by the pharmaceutical industry. Sapogenin found in 
fenugreek seed include Yamogenin, gitogenin, tigogenin and 
neotigogens. Other constituents of fenugreek include mucilage, 
bi t ter fixed oil, volatile oil and the alkaloids, choline and 
trigonelline. 
The maple aroma and flavour of fenugreek has led to its 
use in many baked goods, chu tneys , confect ionar ies and 
imitation maple syrup. For culinary purposes seeds are ground 
and used in curies. Young seedlings and other portions of fresh 
p lan t mater ia l are eaten as vegetable . The p lan t is quite 
nutr i t ious, being high in proteins, ascorbic acid, niacin and 
potassium. Fenugreek is also used as livestock feed. 
As a medicinal plant fenugreek has t radi t ional ly been 
considered a carminative, demulcent, expectorant, laxative and 
stomachic. The plant has also been employed against bronchitis. 
fever, sore- throat , diabetes, ulcers and in the t rea tment of 
cancer. Fenugreek has also been used to promote lactation and 
as an aphrodisiac. Fenugreek seeds have been used as an oral 
insulin substitute and seed extracts have been reported to lower 
blood glucose levels in laboratory animals. Fenugreek is generally 
recognised as safe for human consumption as a spice or natural 
seasoning and as plant extract. 
The hypoglycemic activity of fenugreek seeds (T. foenum 
graecum) in experimental animals and human has been well 
documented. Fenugreek has been shown to reduce fasting and 
post prandial glucose level in diabetic patients. (Raghuram et al, 
1994). It h a s been also observed tha t the seeds play an 
i m p o r t a n t role in reducing the lipid profile in 
hypercholesterotaemic patients. Experimental results have shown 
that fenugreek seeds cause a significant lowering in serum total 
cholesterol, triglyceride, VLDL cholesterol, LDL cholesterol and 
phospholipid level (Chakravarty and Mitra 1998). The bitter fruit 
of T. corniculata is as t r ingent and styptic. It is applied to 
swellings and bruises. 
Besides its medicinal and nutritive value, it is a classical 
breeding and genetic material for several reasons. A tremendous 
amount of genetic diversity exist in Trigonella sp. Various 
distinct morphological attributes can be easily identified. It is 
easy to culture, has a short life cycle, high self-fertility and 
homozygosity and great reproductive potential. The plant is a 
soil renovator and is used as green mannure is some parts of 
USA and also in Uzbekistan of USSR. The roots contain nitrogen 
fixing bacteria i.e. Rhizobium leguminosorum and thus increases 
the reduced fertility of the soil. The plant possesses insects 
8 
repellent properties. In Punjab, agriculturist mix the dried plants 
with stored grains to protect them from ravages of insects , 
especially during rainy season. 
A series of experiments carried out with various crops has 
es tabl ished that chemical mutagen when applied to p lants , 
induced mutation in polygenic characters (Kundu and Singh, 
1981; Kumar, 1972; Larik; 1975; Siddique et al, 1979; Khan, 
1982, 1984, 1988; Kumar and Dubey, 1994; Khan et al, 1998; 
Solanki and Sharma, 1999b). 
Most of the plant attributes of interest to a plant breeder 
are quantitative which are controlled by polygenic interaction. In 
these situations the efficiency of selecting the desired mutant is 
generally lower than for specific characters which are controlled 
by a single gene. Mutation breeding has helped to rectify certain 
specific defects in otherwise acceptable cul t ivars . Induced 
mutations increase the genetic variability for certain characters 
so that selection is more effective and the probability of getting 
the des i rab le genotypes is cons iderably e n h a n c e d . The 
enhancement of genetic variability is obviously urgently needed 
so that suitable genotypes of crop plants may be developed. 
Induction of genetic variability by the use of mutagens has 
been a regular and highly effective system for crop improvement 
endeavours (IAEA, 1970). The system is particularly suitable for 
altering polygenic traits in self pollinated crops (Classen, 1950; 
Khan, 1988). 
Mutation provide an opportunity to create hitherto unknown 
alleles, so that the breeder does not remain handicapped due to 
limited allelic variation at one or more gene loci of interest. 
Fried (1969) suggested that for increasing food production in the 
world, induced mutagenesis is important in creating variability in 
the b r e e d i n g p o p u l a t i o n to improve yield, e a r l i n e s s , d i s e a s e 
r e s i s t a n c e e tc . The s igni f icance of i nduced m u t a t i o n is well 
documented from n u m e r o u s repor t s . More than 2000 var ie t ies 
developed t h r o u g h m u t a t i o n b reed ing have been recorded a s 
approved and released for cultivation represent ing at least 125 
plant species (IAEA, 2000). 
Unlike in legumes, the repor ts on induced mutagenes i s in 
Trigonella a re not very extensive . The informat ion on relat ive 
specificity and recovery of mu ta t ions of varied magni tude is a 
pre-requisite for practical mutation breeding. Keeping in view the 
likelihood of success through induced muta t ions and the need 
for genetic upgradation of Trigonella foenum-graecum (Desi methi) 
and Trigonella corniculata (Kasuri methi) the present investigation 
was under taken with the following broad objectives; 
a) To choose the potent mutagen and standardize effective dose 
a s well a s t rea tment condition for releasing high muta t ion 
frequency. 
b) To s t u d y t h e e f f e c t i v e n e s s a n d ef f ic iency of d i f f e ren t 
m u t a g e n s and genotypic differences of two s p e c i e s wi th 
respect to mutagenic sensitivity. 
c) To evaluate the induced chromosomal aberrat ions at various 
concentrat ions of different mutagens . 
d) To g e n e r a t e more var iab i l i ty for yield c o m p o n e n t s u s i n g 
chemical mutagens . 
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e) To ascer ta in the range of polygenic variability induced and 
shift in the m e a n s ' f o r yield c o m p o n e n t s in Mj and M3 
generation. 
f) To d e t e r m i n e t he m a g n i t u d e of he r i t ab i l i t y and gene t ic 
a d v a n c e in m u t a g e n i c p o p u l a t i o n s for y ie ld a n d yie ld 
contr ibut ing charac ters . 
g) To isolate such mutan t s which are useful to plant breeders. 
11 
L^ka f tef-2 
REVIEW OF LITERATURE 
2.1 Induced mutagenesis 
2.1.1 General 
Induct ion of muta t ions through physical and chemical 
mutagens is considered as an alternative source to naturally 
occur r ing var iabi l i ty for crop improvement p rog rammes . 
Conventional methods of breeding have been extensively used for 
crop improvement but lack of genetic variability limits the scope 
of improvement through selection or hybridization. Induced 
mutagenes i s plays a very important role in enhancing new 
genetic variability. Induced mutations are random, poly-directional 
and quantitative in nature and bring about heritable changes in 
polygenic system (Ignacimuthu and Babu, 1993). 
The idea of inducing muta t ions and utilizing them for 
improving cultivated plants is more than eighty years old. For 
the first t ime when Muller (1927) succeeded in inducing 
mutat ions in a fruitfly Drosophila melanogaster by X-rays, it 
marked the beginning of a new era in genetics and induced 
mutations became the focus of genetic studies. Pioneer studies 
on induced mutat ions in plants were under taken by stadler 
(1928). Scientists working in different facts of mutagenesis have 
since then being able to accomplish a significant breakthrough 
in understanding the mechanism of mutagenesis and also its 
applied value for the benefit of mankind. Indication about the 
possibility of induction of mutat ions by the use of chemical 
mutagens started appearing within a decade after discovery of 
the phenomenon . However, the first e labora te repor t was 
presented by Auerbach and Robson (1942) who showed that 
mustard gas could induce mutations as well as chromosome 
breaks in Drosophila. 
Mutagens have remarkable possibilities of improving plants 
with regard to their qualitative and quantitative characters and 
where appropriate selections has been applied, improvement in 
yield (Brock, 1965; Gregory, 1968), adaptability (Gustafsson, 
1965), maturity time (Brock, 1970), disease resistance (Yamabaki 
and Kawai, 1968) and numerous other traits (Sigurbjornson and 
Micke, 1969) have been reported. The generation of genetic 
variability through induced mutagenesis provides a base for 
stregthening plant improvement programmes. Various classes of 
chemical and physical mutagens differ in their efficiency in 
induc ing m u t a t i o n s and spec t rum of m u t a t i o n s induced . 
Eversince, the discovery that muta t ions could be produced 
artificially, one of the aims of studies on mutations has been to 
find the treatment combinations of the mutagens that could 
induce higher magnitude of useful mutations. Our knowledge in 
the fundamenta l a spec t s of muta t iona l p rocesses and the 
mechanism of action of various physical and chemical mutagens 
have been fairly widened with the repor t s of Blixt and 
Gottschalk (1975), Gottschalk and Wolf (1983) and Sharma 
(1985). Though there are seveal unanswered questions regarding 
the classification and mechanism of actions of mutagens, yet a 
more comprehensive account of them was given by Sharma 
(1985). 
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2.1.2 Mutagens 
Sodium azide (SA), a respiration inhibitor is metabolized in 
vivo to a powerful chemical mutagen in many plant species 
including barley, rice, maize and soybean (Owais and Kleinhofs, 
1988). Sodium azide (SA) mutagenecity was first observed by 
Wyss et al. (1948) in their studies on the role of peroxides in 
radiation induced mutagenesis. Later, sodium azide, an inhibitor 
of ca ta lase and peroxidase enzymes was found to be very 
effective mutagen under certain treatment conditions (Kleinhofs et 
ah, 1974); it made possible to obtain high mutation frequency, 
mostly gene mutations, with negligible frequency of chromosomal 
aberrations. Sodium azide as such does not possess radiomimetic 
activity but has also synergistic effect with radiations, methyl 
nitroso urea (NMU), ethylmethane sulphonate (EMS) resulting in 
increased frequency of chromosomal aberrations (Kihlman, 1959; 
Sideris et al., 1969), seedling growth injury (Choudhary and 
Kaul, 1976) and chlorophyll mutation frequency (Khalatkar et al, 
1979; Singh and Olejniczak, 1983). 
Sodium azide appears to be highly efficient mutagen in 
barley because it does not induce chromosome breaks (Nilan et 
al., 1973). In pea, leaf aberrations were not observed on sodium 
azide treated plants, which is an indication that sodium azide 
did not cause chromosome damage (Sander and Muehlbauer, 
1977). Sander et al. (1978) reported that sodium azide may only 
act on replicating DNA as a point mutation mutagen. Pearson 
(1973) and Pearson et al. (1975) studied the effect of sodium 
azide on barley cell cycle and concluded that the principle effect 
of sodium azide was to delay in the initiation of metabolism 
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following germination. This results in a uniform delay in mitotic 
activity, seedling growth and ATP and DNA synthesis and this 
delay was interpreted as being due to an ATP deficiency. 
In barley, azide induces reduction in seed germination and 
Ml seedling growth (Nilan et al, 1976, Sander et al, 1978). 
High mutational yield of azide was reported in rice by Hasegawa 
and Inone (1980). El-Den (1993) developed a mutant line, E3559 
in barley [Hordeum vulgare var ER/APAM) as a result of induced 
m u t a g e n e s i s with sodium azide. The m u t a n t line was 
consistently taller and produced more straw than the parental 
variety. In Sesame (Sesamum indicum), Kang and Zanten (1996) 
reported latest variety developed from seeds treated with 2mM 
sodium azide, for 3 hrs . The latest variety has not only the 
higher yield than i ts control variety but also improved oil 
quality. They also reported a semidwarf mutant , Suwon 128 
obtained after treatment with sodium azide which has excellent 
lodging resistance and a good yield potential when planted in 
high density. Misra (1995) also reported induced mutants of 
blackgram with single and combined treatment of sodium azide. 
Rachovska et al. (1995) reported the production of winter bread 
wheat l ines with high grain quali ty by means of induced 
mutagenesis with gamma rays and sodium azide. 
Maleic hydrazide (MH) has not been studied extensively for 
its ability to induce point mutation either in procaryotes or 
eucaryotes. However, chromosome breaking effects of MH in 
plants were first described by Darlington and Mcleish in 1951. It 
is known to induced localized chromosome breakages and mitotic 
suppression in Vicia faba root meristem. It also resulted in 
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inhibition of spindle for^iation and chromosome breakage during 
mitosis in root tips of onion and barley (Kaul and Choudhary, 
1975). 
Cytological observations of MH treated plants have been 
studied by many workers and it has been reported that MH 
induces chromosomal damage and also different types of 
chromosomal abe r r a t i ons (Meschini et al., 1988). Various 
chromosomal/cytological abnormalities have been reported with 
maleic hydrazide in Vicia faba (De Marco et al, 1995). Misra 
(1995) reported fifty four induced mutants of black gram (Vigna 
mungo) line T-9, which were developed by single and combined 
treatment with chemical mutagens, ethylmethane sulphonate, 
sodium azide, N-methyl-N-nitroso-guanidine and maleic hydrazide. 
Genetic var iabi l i ty h a s been repor ted to be increased in 
quantitative characters as a result of MH treatment in green 
gram (Khan et al, 1998). 
Maleic hyrazide (MH) has been recognized as plant growth 
inhibitor. Structurally it is an isomer of uracil (a pyrimidine 
compound of RNA). The mode of action of MH is possibly 
through its interference with synthesis of uracil or becoming 
incorporated into RNA molecule replacing the uracil or it reacts 
with sulphydryl groups of nucleic acids. The final result in any 
case is presumably a weakness in the structure of chromosome 
leading to chromosome breakage (Grant and Harney 1960, 
Hestot, 1977). Cortes et al (1987) are of opinion that the 
cytogenetic action of MH resembles to the bi-functional alkylating 
agent in many respects. Its action includes the reaction with 
phosphate group of DNA or purine base especially the guanine 
of DNA. 
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Alkylating agents .are by far the most extensive and 
important group of mutagens. These compounds bear one or 
more reactive alkyl groups capable of being transferred to other 
molecules at positions where the electron density is sufficiently 
high. They cause alkylation of phosphate groups of DNA as well 
as the bases. The most frequent event being the formation of 7-
alkyl guanine. 
Alkylating agents carry one, two or more alkyl groups in a 
reactive form. These are called mono, bi or poly-functional 
alkylating agents such as EMS, MMS, dES and DMS. EMS and 
dES adversely affected the germination, seedling growth, pollen 
fertility, branching, number of leaves, pods and seeds per plant 
in Vicia faba (Vandana and Dubey, 1988). Vandana (1991, 1992) 
observed mutations affecting days to flowering, size, colour, and 
number of flowers/node, shape and size of cotyledonary leaves, 
plant height, branching and texture of plant surface in Vicia 
faba with EMS and dES. According to her, dES induced much 
higher frequencies of chlorophyll and sterile mutants than those 
of EMS. EMS has been reported to inauce dwarfism in V. faba 
(Filippetti, 1988). 
2.1.3 Dose effect 
The dose required for high mutation efficiency of a chemical 
mutagen depends on the properties of the agent, the solvent 
medium and the biological system in question. In general, the 
dose of a chemical mutagenic t rea tment comprises several 
parameters , of which the most important are concentration, 
duration of treatment and temperature during treatment. 
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With a view to enhance the mutation rate and also to alter 
the spec t rum of m u t a t i o n s , many var ia t ions in t r ea tmen t 
methodology have been used by different workers. Treatments 
with chemical or physical mutagens have been given to dry as 
well as soaked seeds, seedling at different developmental stages, 
different phases of life cycle, at variable temperature and ionic 
concentrations of chemical mutagens (Chopra and Pai, 1979). 
Dose linked effectiveness of NMU was noted in Vigna radiata 
in terms of germination loss, reduction in pollen fertility and 
seedling height (Singh and Chaturvedi, 1980). Handique and 
Sarma (1989) reported in Catharanthus roseus that increase in 
concentration and duration of treatment resulted in reductions in 
percentage of germination, seedling growth and seedling viability. 
Similar resul ts have been reported by Ping et al., (1996) in 
Sunflower with sodium azide. Gautam et al., (1992) reported a 
progressive increase in the frequency of chlorophyll and viable 
muta t ions with an increase in gamma rays and EMS doses 
whereas, Vanniarajan et al. (1993) reported that the frequency of 
viable mutations was higher in medium dose of EMS and gamma 
rays and it decreased in higher doses in black gram. Reddy and 
Revathi (1992) also reported an increase in mutation frequency 
with durat ion and concentrat ion of mutagenic t rea tment in 
wheat, barley and triticale. Solanki and Sharma (1999b) reported 
that the medium dose of chemicals and the highest dose of 
gamma rays induced maximum variability resulting in highest 
number of promising progenies for almost all the eight polygenic 
traits in lentil. 
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2.2 Biological damage • 
There are many repor t s to demons t ra te the effects of 
t rea tment on germination percentage and survival of p lants 
(Goud, 1965; Kempanna et al., 1969; Khan, 1979). Reduction in 
the percent germination following gamma irradiation has been 
noticed by several workers viz., Salim et al. (1974) in peas, Rao 
(1980) in Guar and Okra, Deshmukh (1981) in Anethum sown, 
Rao (1988) in Cicer arietinum. 
•A Krishnaswamy et al. (1977) reported a Hear relationship with 
regard to an increase in dose for reduction in survival and 
mean height of green gram in Mj as a result of treatment with 
physica l mu tagens . Grover and Tejpaul (1979) observed a 
reduction in the percentage of germination and survival with an 
increased dose of gamma rays, maleic hydrazide and their 
combined treatments in green gram. Similar results have been 
reported by Rao and Rao (1982) as a result of X-ray irradiation 
in Cyamopsis tetragonoloba. 
Filippetti and De Pace (1983) concluded that the higher 
dose of gamma rays induced lower survival and higher sterility 
in Vicia faba. Filippetti and De Pace (1986) reported reduced 
emergence, survival and fertility in Mi and M2 with EMS and 
gamma rays in the same plant. Mehetre et al. (1990) observed a 
significant reduction in germination percentage in mungbean with 
high doses of gamma rays. Higher concentration of sodium azide 
(SA) significantly reduced emergence, plant height and survival in 
Phaseolus vulgaris (Silva et al, 1994). 
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Kumar and Dubey.(1994) studied the effect of chemical 
mutagens (DES and EMS) in yellow sarson (Brassica sp.) and 
observed that germination and seedling growth was promoted by 
m u t a g e n s at low concen t r a t i ons and re t a rded at high 
concentrations whereas pollen sterility increased with an increase 
in the concentration of mutagens. 
, Adamska et al. (1995) observed the effect of chemical 
m u t a g e n s in winter swede rape and concluded tha t high 
concentrations of NMU (N-methyl-N-nitrosourea) reduced the plant 
height and root length in Mi whereas, sodium azide considerably 
reduced germination percentage. Wang et al. (1994) reported that 
germination percentage, emergence percentage and height of 
seedlings decreased with an increased concentration of sodium 
azide in Helianthus annuus L. 
In Pigeon pea, effect of chemical mutagens (Streptomycin 
sulphate and sodium azide) have been reported by Pandey et al. 
(1996) and they concluded that germination percentage decreased 
with an increase in mutagenic dose of both the chemicals. 
Boncheol and Maluszynski (1996) reported that higher doses of 
N-methyl-N-nitrosourea, sodium azide and gamma rays resulted 
in a higher rate of growth reduction in Mi seedlings of barley 
whereas, seed germination rate, growth rate of coleoptiles and 
roots were bet ter in the double t rea tments than in single 
treatments. 
A reduction in germination, survival and seedling height and 
an increase in seedling injury, stomatal frequency, abnormal 
stomata and pollen sterility with EMS, gamma rays and their 
combination were observed by Arumugam et al. (1997) in barley. 
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Khan et al. (1998) reported a reduction in germination and 
pollen fertility in green gram with maleic hydrazide (MH). 
2.3 Meiotic abnormalities 
Mutagen induced structural anomaly of the chromosome is 
the primary basis of genetic change and therefore, investigations 
on the mechanism of chromosome breakage, type of aberration 
and their genetic consequence form an integral part of most of 
the mutation studies. Further, cytological abnormalities either in 
mitosis or meiosis and their magnitude are most convenient for 
eva lua t ing the effect of mutagen . It also provides the 
considerable clue to assess radio-sensitivity of plants for both 
physical and chemical mutagens. 
Various meiotic abnormalities like stickiness, clumping of 
chromosomes, fragments of chromosomes, univalents, disturbed 
b ivalent a ssoc ia t ion , mu l t i ava l en t s , micronucle i , lagging 
chromosomes, bridges with or without fragments have been 
reported by Sudhakaran (1971) in Vinca rosea with various doses 
of gamma rays. 
Shaikh and Godward (1972) reported heavy fragmentation of 
the nucleolus at diakinesis, univalents, tetravalents, multivalents, 
f ragments , complex i n t e r changes , c lumping and u n u s u a l 
configurat ion at me taphase I, abnormal separa t ion of the 
homologues , single and double br idges with or wi thout 
fragments, laggards, unequal separat ion of chromosomes at 
anaphase I, single bridge with or without laggards at anaphase 
II, unequal volume of chromatin material in daughter nuclei and 
unequal pollen grains in Mi generation of Lathyrus sativus and 
Vicia ervilia irradiated with various doses of gamma rays. 
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Katiyar (1978) observed abnormal chromosomes which 
included st ickiness, clumping, altered association, breakage, 
bridges, unequal segregation, laggards and abnormal microspores 
in Capsicum annuum with various doses of gamma rays and the 
frequencies of meiotic aberrations were dose dependent. 
Rao and Lakshmi (1980) reported gamma rays induced 
meiotic abnormalities in Capsicum annuum L. such as stickiness 
or clumping of chromosomes, univalents and multivalents in late 
prophase and metaphase, non-orientation of chromosomes at 
metaphase, disturbed spindle organization leading to unequal 
g roups of chromosomes , a b e r r a n t mic rospores , abnormal 
karyokinesis and/or cytokinesis and high pollen sterility. 
Tarar and Dnyansagar (1980) reported that as a result of 
gamma rays and EMS~T;reatment, Turnera ulmifolia Linn, showed 
varying degree of meiotic irregularity. This irregularity increased 
with the higher exposure to gamma rays and higher 
concentration and duration of EMS treatment. The various types 
of abnormalities observed in different stages of Mx generation 
included s t ickiness of chromosome, chromosome fragments, 
disturbed bivalents associations, multivalent formation, precocious 
movement, laggards, bridges with or without fragments and 
formation of micronuclei at meiosis I and II. The frequency of 
meiotic abnormalities was recorded less in EMS as compared to 
gamma irradiation. Similar types of meiotic abnormalities have 
been reported in Lycopersicon esculentum Mill. var. Pusa Ruby 
with gamma irradiation (Jayabalan and Rao, 1987b). Zeerak 
(1992a) repor ted a dose dependen t inc rease in meiotic 
irregularities and pollen sterility as a result of individual and 
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combined effect of EMS and gamma rays in Lycopersicon 
esculentum. 
Extreme meiotic abnormalities in chromosome number and 
behaviour were reported by Haque and Ghoshal (1980) in three 
spec ies of Salvia viz., S. farinacea, S. glutinosa and S. 
taraxacifolia. The maximum number of chromosomal aberrations 
were found in S. farinacea which was directly correlated with 
maximum percentage of pollen sterility. 
Reddy et al. (1992) reported a number of meiotic aberrations 
such as quadr iva len t , t r iva lent , r ing and rod b iva len t s , 
unoriented chromosomes, bridges/fragments, micronuclei in Mj 
generation of lentil (Lens culinaris Medik^ induced by gamma 
radiation, EMS and sodium azide. Reddy and Annadurai (1992) 
studied the effect of gamma rays, EMS, sodium azide and their 
combination on various cytological parameters in M2 generation 
of Lentil var. PL-639. They reported that the mean value of 
quadr iva len t , rod bivalents , un iva lents , f r agments /b r idges , 
cytological abnormal cells and pollen sterility were increased in 
mutagen t rea ted popula t ion . Combined t r ea tmen t s showed 
additive effects. EMS produced slightly more abnormalities over 
sodium azide. 
Mitra and Bhowmik (1996) assessed the radio-sensitivity in 
2 cultivars of black cumin (Nigella sativa L.) based on cytological 
abnormalities induced by gamma rays and EMS. Both mitotic 
and meiotic abnormalities showed increasing trend with mutagen 
dose. Abnormalities like uni,multivalents, s t ickiness, uneven 
separation of chromosomes, chromosome bridges with or without 
fragments etc. were observed in meiotic studies. 
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Chromosomal aberrations like clumping and stickiness among 
bivalents, formation of multivalents, univalents, fragments at 
Metaphase-I and irregular grouping of chromosomes and laggards 
at anaphase I were observed by Anis and Sharma (1997) and 
Anis et al. (2000) in Capsicum annuum in response to chemical 
mutagens. 
2.4 Mutagenic sensitivity 
It is well known that the same mutagen dose can cause 
different degrees of effect in different species. Varied mutagenic 
sensitivity of different genotypes was first reported by Gregory 
(1955) in groundnut and by Lamprecht (1956) in peas. 
Bykovets and Vasykir (1971) conducted mutation studies on 
leguminous crops like soybean, french bean, peas and Lathyrus 
with three mutagens NEU, NMU and dES. It was found that all 
c rops are not mutab le to the same extent and tha t the 
maximum mutagenic effect appeared in peas followed by soybean 
and Lathyrus. Singh and Chaturvedi (1980) found distinct varietal 
differences in Vigna radiata using NMU and gamma rays. 
Filippetti and De Pace (1986) studied the effectiveness of 
gamma rays in inducing mutations in one major (cv. Aguadulce) 
and one minor (cv. Manfredini) Vicia faba cultivar and observed 
that the minor cv. Manfredini was more sensitive to the lower 
dosage of gamma rays than the major cv. Aguadulce. Handique 
and Sarma (1989) studied the differential toxicity of chemical 
mutagens in Catharanthus roseus and Nicotiana rustica and 
reported that the two species exhibited different degrees of 
tolerance to EMS and DMS with regard to germination, but C. 
roseus was more tolerant with regard to seedling growth. 
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Pandey et al. (1996) observed the effect of chemical 
mutagens in different varieties of Pigeonpea and reported that 
the var . DA II was more sensi t ive to SA and showed no 
germination at all except for the lowest concentrations whereas, 
var. Bahar showed the highest seed germinat ion following 
treatment with both mutagens. Khan et al. (1998) studied the 
mutagenic effect of maleic hydrazide (MH) in two different 
var ie t ies of green gram and found var. PS-16 to be more 
sensitive than var. K-851. 
2.5 Mutation frequency and spectrum 
In the mutation induction programme, the choice of an 
effective and efficient mutagen will cer tainly increase the 
possibility of recovering desired mutat ions in M2 generation 
Konzak et al. (1962) reported that mutagen may show differences 
in muta t ion spectrum. Auerbach (1967) has suggested that 
spectrum changes could possibly be induced more by controlling 
the recovery pa t t e rn r a the r t han the pr imary p rocess of 
induction of mutations. 
Chemical mutagens especially alkylating agents, in contrast 
to r a d i a t i o n s , p roduce a wider spec t rum of m u t a t i o n s 
(Swaminathan et al., 1962). Nilan et al. (1973) reported that 
sodium azide (SA) induced higher rates of chlorophyll mutations 
as compared to EMS. There are strong indications that the total 
mutation frequency and spectrum are associated with dose of 
mutagen (Hussein et al, 1974). Filippetti and De Pace (1986) 
reported that EMS was two to four times more effective than 
gamma rays in inducing mutat ions in Vicia faba whereas, 
Vanniarajan et al. (1993) reported that gamma rays were more 
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efficient than EMS in imiucing chlorophyll mutations in black 
gram. 
Nascimento et al. (1994) reported that sodium azide was 
more efficient as compared to gamma rays in induc ing 
micromutations in Oats. Solanki and Sharma (1999b) reported 
that NEU induced maximum variability, highest frequencies of 
mutated progenies, promising progenies, with multiple characters 
in both M2 and M3 generations followed by EI and gamma rays 
in lentil, 
2.6 Mutagenic effectiveness and efllciency 
Mutagenic effectiveness is a measure of the muta t ions 
induced per unit dose of a mutagen, while mutagenic efficiency 
is a m e a s u r e of propor t ion of m u t a t i o n s in re la t ion to 
undesirable changes like lethality, sterility, injury, chromosomal 
aberrations etc. The usefulness of any mutagen in plant breeding 
depends not only on the mutagenic effectiveness but also on the 
mutagenic efficiency which measures the muta t ion rate in 
relation to the biological damage. The methods of calculating 
mutagenic efficiency and effectiveness were suggested by Konzak 
et al. (1965) and Walther (1969). 
In Sorghum, Sree Ramulu (1970) noted the h ighes t 
mutagenic effectiveness at lower doses of EMS, NMU and X-rays 
and reported that mutagenic efficiency of EMS was higher than 
that of NEU. Prasad (1972) found NMU to be more effective and 
efficient mutagen under low concentra t ions . Sharma (1977) 
noticed a decline in the effectiveness and efficiency of the 
mutagen with increased doses of NMU and gamma rays. 
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Nerkar (1977) studied the effectiveness and efficiency of 
gamma rays, NMU and EMS in Lathyrus and found that based 
on their effectiveness, the three mutagens stood in the decHning 
order of NMU >EMS > y-rays. However, on the basis of their 
efficiency, the sequence was y-rays > EMS > NMU. Both 
mutagenic effectiveness and efficiency were higher at lower doses 
of mutagens . Relative efficiency, effectiveness, and factor of 
effectiveness for treated and control population of the two rice 
varieties, Telia hamsa and IR.24, have been reported by Rao and 
Rao (1983). The highest mutagenic efficiency was recorded with 
NMU followed by MMS and HA (hydroxyl amine) . The 
effect iveness was r emarkab ly high in chemical mutagen 
treatments and markedly low in gamma rays treatments 
Reddy and Smith (1984) studied the mutagenic effectiveness 
and efficiency of hydrazine (HZ) and ethylmethane sulphonate 
with a local Sorghum variety of Texas, Tx-414, based on seedling 
injury, sterility and chlorophyll and morphological mutations in 
M2 generation. Based on low seedling injury, sterility and seed 
sterility, they found HZ to be a more efficient mutagen than 
EMS. 
Gautam et al. (1992) assessed the mutat ion frequency, 
effectiveness and efficiency of gamma rays , e thy lmethane 
sulphonate (EMS) and synergistic effect of their combination 
t r ea tmen t s in T-9, an improved variety of black gram and 
concluded that EMS was 2-2.5 times more efficient than gamma 
rays. 
Thakur and Sethi (1995) s tud ied the compara t ive 
mutagenicity of gamma rays, EMS and NaN3 in barley cultivars, 
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HBL 98 , HBL 175, EB-1482 and reported tha t mutagenic 
efficiency increased with an increase in the dose of EMS and 
NaNa and their combination with gamma rays in HBL 98, EB 
1482 but not in HBL 175. Of the three mutagens, NaN3 was 
found to be the most effective and efficient mutagen in HBL 98, 
EB 1482, whereas it was not so in HBL 175. 
Mutagenic effectiveness and efficiency of gamma rays, EMS, 
dES and their combinations were studied in Khesari (Lathyrus 
sativas L.) by Kumar and Dubey (1998b) and reported an 
inc rease in injury with the inc reas ing rad ia t ion dose in 
individual as well as combined treatments. A substantial amount 
of sterility was induced by almost all the mutagenic treatments. 
The efficiency on the basis of seedling injury was generally 
higher as compared with that based on sterility. The efficiency of 
individual EMS and dES treatments was 2 to 3 times higher in 
comparison to most other mutagenic treatments. EMS proved to 
be more effective than dES. 
2.7 Chlorophyll mutations 
Chlorophyll mutations although not useful for plant breeding 
purpose may be used to assess the efficiency and effectiveness 
of the mutagens in order to select suitable or appropriate dose/ 
concentration for their use in applied mutagenesis programme. 
Several workers reported the occurrence of different types of 
chlorophyll mutations in different crops, such as albina, xantha, 
chlorina, macula ta , s t r ia ta etc. , in the M2 generation with 
various mutagenic agents e.g. in mung bean (Dahiya, 1973), in 
chilli (Venkatrajam et al., 1984), in barley (Sharma, 1969), in 
rice (Rao and Gopal Ayengar, 1964) in wheat (Chopra and 
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Swaminathan, 1966) and in green gram (Krishnaswami et al., 
1977; Grover and Tejpaul, 1979). 
Prasad and Das (1980c) reported albina , xantha, albo-
xantha, albo-viridis, virescence, chlorina, albescence, tigrina and 
maculata type of chlorophyll mutations in 6 varieties of Lathyrus 
sativus in M2 generation after gamma rays and MMS treatments. 
Filippetti and De Pace (1983) noticed chlorophyll mutations in 
Vicia faba with gamma i r r ad ia t ion . Khan (1981) repor ted 
chlorophyll mutations with gamma rays and concluded that the 
frequency and spec t rum of chlorophyl l m u t a t i o n s in M2 
generation does not show a consistent increase with dose. 
A wide spectrum of chlorophyll mutations has been reported 
by Dhaliwal et al. (1987) in Triticum monococcum following seed 
treatment with ethylmethane sulphonate (EMS). The mutagenic 
effects of gamma rays, EMS and NMU singly as well as in 
combination were studied in rice (satyanarayan et al., 1993) and 
it was concluded that the frequency of chlorophyll mutations 
increased with the increase in dose of the mutagens. 
Vanniarajan et al. (1993) reported multiple chlorophyll 
mutants like albina, xantha, chlorina, viridis and albomaculata 
(white dots on green leaves) in two varieties of black gram 
treated with EMS and gamma rays. 
El-Den (1993) observed chlorophyll mutations in barley with 
sodium azide. Boncheol and Maluszynski (1996) reported a 
higher rate of chlorophyll mutants following double treatment 
with chemical mutagens than with a single treatment in barley. 
2.8 Macromutations/morphological mutations 
Macromutants like leaf mutants , branchless mutants and 
grain colour mutan t s have been scored in Mj generation of 
greengram as a resul t of X-ray and gamma rays t rea tment 
(Krishnaswamy et al., 1977). As a result of action of MH, gamma 
rays and combined t rea tments on the seeds of green gram 
(Phaseolus aureus Roxb,), a number of macromutants has been 
reported by Grover and Tejpaul (1979). Filippetti and De Pace 
(1983) reported a broad range of useful and new morphological 
variants in Vicia faba following gamma irradiation treatment. 
Numerous viable mutants such as male sterile, dwarf, early 
maturing, compact, free threshing etc. were induced in Triticum 
monococcum following seed t r ea tmen t with e thy lme thane 
su lphona te (Dhaliwal et al., 1987). Gamma rays and EMS 
induced morphological mutants for plant height and leaf size 
have been reported by Filippetti and De Pace (1986) in Vicia 
fnba. 
Certain morphological variations affecting root, stem, leaves 
and flowers were also noticed in Mi generation of Cicer arietinum 
as a result of gamma irradiation (Rao, 1988). Several viable 
mutations affecting growth, habit, leaf and flower characteristics 
have been isolated by Zeerak (1992][,)in tomato as a result of 
gamma rays treatment. 
S a t y a n a r a y a n et al. (1993) repor ted a number of 
macromutants such as extreme dwarf and tall plants, early and 
late flowering, high yielding with high spikelet fertility in M3 
generation of rice as a result of gamma rays, NMU and EMS 
treatments. Vanniarajan 'et al. (1993) reported different types of 
viable mutants produced by gamma rays and EMS with respect 
to growth habit, leaf size, seed size, and sterility in Black gram. 
Ansari and Siddiqui (1995) isolated recessive m u t a n t s for 
dwarfness, erect and semi-erect stem creeping branches and 
dissected leaves in M2 generation of Ammi majus as a result of 
EMS treatments. 
Induced mutations for disease resistance in beans (Phaseolus 
vulgaris L.) have been successfully developed in Brazil (Tulmann 
et al., 1977, 1981, 1993) using EMS or gamma ray treatment. 
'NEP-2', a white seeded bush bean mutant was induced from the 
black seeded variety 'San Fernando' through mutagenesis. It was 
found res is tant to common mosaic virus, with good canning 
quality and good agronomic traits. 
Induced variability in morphological characters of Sesame 
treated with EMS has been reported by Mary and Jayabalan 
(1995). They obtained height mutants, branching mutants , leaf 
mutants, plant colour and texture mutants, mutants for maturity 
period, floral and sterile mutants , capsule mutants and seed 
mutants. 
Adamska et al. (1995) studied the effect of N-methyl-N-
nitrosourea (NMU) and sodium azide (SA) in winter swede rape 
and reported morphological mutations which involved many traits 
as earliness, dwarfness, flower colour and size and compactness. 
2.9 Quantitative traits 
Improvement of cultivated plants largely depends on the 
extent of genetic var iabi l i ty avai lable within the species . 
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Mutagenesis has provided a handy tool to enhance na tura l 
mutational rate and thereby enlarge the genetic variability and 
increase the scope for obtaining the desired selections. The 
exploration of the possibility of crop improvement by induction 
of muta t ion and the factors governing the inher i tance of 
quantitative traits has been recommended by several breeders 
and it is now quite clear that the polygenic mutations result in 
the induction of considerable variability in mutagen treated 
population. 
The significance of small mutations in evolution was first 
recognized and emphasized by Baur (1924) and later it has been 
studied by many workers in different crop plants. Gaul (1965) 
has emphasized the significance of micro-mutations in plant 
breeding by saying that "there appears to be no doubt that 
micromuta t ions may affect vir tually all morphological and 
physiological characters as do large mutations and they might 
have higher mutation rate than the macromutations". 
Several workers have so far reported encouraging results 
about the induction of useful quantitative variability in different 
crop plants viz. Gregory (1955, 1956) in peanuts , Gustafsson 
(1963) in barley, Borojevic (1965) and Goud (1967a) in wheat, 
Sree Ramulu (1974) in Sorghum and Khan (1990) in mung bean. 
There is much difference of openion on the relative incidence of 
induced polygenic variat ion and shift of the mean in the 
negative or positive direction in M2 and later generations. 
Sree Rangaswamy et al. (1973) reported short s ta tured 
mutants of mung bean having more pods per plant and higher 
grain yield than the parent. Rajput (1974) reported increased 
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variability in M2 population after irradiation of mungbean with 
gamma rays. Rubaihayo (1975) obtained several gamma rays 
induced mutants in white haricot bean, which exhibited higher 
yielding capacity than the parental line. Krishnaswamy et al. 
(1977) s tud ied the phenotypic r e sponses of green gram 
(Phaseolus aureus Roxb.) to X-rays and gamma rays and reported 
an increase in variance for all the economic t ra i t s in M2, 
offering good scope for selection. 
Khan (1979) reported induced quantitative variability in 
mung bean as a result of gamma rays treatments, A shift in 
mean values of irradiated material for all the polygenic traits 
occurred towards positive direction except for mean days to 
flower and plant height where there was no particular trend. 
Sharma and Sharma (1982) studied mutagenic effects of gamma 
rays and NMU on four quantitative traits in Mi- M3 generations 
of the lentil variety L-235 and concluded that gamma rays and 
NMU treatment decreased the mean values and increased the 
coefficient of variation of all the characters in Mj generation 
except 1000 seed weight. 
Rao and Rao (1982) studied the effect of X-irradiation on 
Cyamopsis tetragonoloba (L.) Taub. and reported that the yield 
attributes like number of pods per plant, number of seeds per 
pod and 100 seed weight increased at lower doses and 
decreased at higher doses. Gamma rays treatments in mungbean 
(Phaseolus aureus) shifted the mean value and range of 
variability of all the characters in positive direction in M2 and 
M3 generation (Khan, 1983). 
A higher variance over the control at all doses in the M3 
generation has been reported by Verma and Singh (1984) in 
green gram. Filippetti and De Pace (1986) observed reduction in 
number of pods per plant, seeds per plant and seeds per pod in 
Ml generation as a result of EMS and gamma rays treatment. 
Wani (2000) repor ted increase in mean va lues of var ious 
quantitative characters at lower treatments of gamma rays and 
EMS in Cicer arietinum L. Several high yielding mutants showing 
improvement in yield and yield contributing trai ts were also 
isolated in M3 generation. Khan (1988) conducted a study in 
mung bean [Vigna radiata L.) to evaluate the three quantitative 
characters i.e. number of pods, 100 seed weight and plant yield 
after treatments with gamma rays and ethylmethane sulphonate 
(EMS) and reported tha t mean of all the three cha rac te r s 
increased in the treated population as compared to control with 
increased phenotypic variability. 
Jayabalan and Rao (1989) reported a reduction in fruit 
yield, in number and weight per plant in Mj generation with an 
increase in dose/concentrat ion of EMS and NMU in tomato. 
Sinha and Bharti (1990) reported an increase in mean value for 
pods per plant in the mutant population in urdbean. Range and 
coefficient of variation widened in mutant population for all the 
characters which was maximum for pods per plant and minimum 
for pod length. 
Ignacimuthu and Babu (1992) used different concentrations 
of EMS and gamma rays, separately and in combination and 
reported a broad spectrum of induced variability in most yield 
traits in urd and mung beans. Marked reduction in plant height, 
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branching, number of siliqua, test weight and seed yield per 
plant has been observed by Kumar and Dubey (1994) in yellow 
sa rson (Brassica camp-estris) as a resul t of dES and EMS 
treatments. 
Khan et al. (1998) studied the response of green gram 
(Vigna radiata) to maleic hydrazide and observed an increase in 
genetic variability in all the three qualitative characters i.e. plant 
height, days to flowering and days to maturity but the different 
characters responded differently to the mutagenic treatment. 
Solanki and Sharma (1999b) repor ted an inc rease in 
variabil i ty for different polygenic charac te rs in M2 and M3 
generations in lentil (Lens culinaris Medik^. Similarly, Tickoo and 
C h a n d r a (1999) repor ted induced polygenic var iabi l i ty in 
mungbean (Vigna radiata L. Wilczek). Gamma rays and EMS 
induced genetic variability for different quantitative traits in 
urdbean (vigna mungo L.) was reported by Singh et al. (2000). 
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L^fia 
•f ter-3 
MATERIALS AND METHODS 
3 .1 Materials 
3 .1 .1 Spec ies used 
Two different species of Trigonella viz., Trigonella foenum- graecum 
L, and Trigonella cormculata L. were used in the present study. A brief 
comparison of the two species is given below in Table 1. 
Table 1: Salient features of two species of Trigonella used in the study 
Trigonella foenutn-graecunt Trigonella comiculata 
1. Plant erect 40-50 cm long Plant erect 45-60 cm long 
2. Leaves dark green, trifoliate Leaves fast green, trifoliate 
3. Flowers are •vAntt in colour Flowers are yellow in colour 
4. One or two pods appear in 15-20 pods appear in clusters in 
each axil of the leaf each axil of the leaf 
5. Pods are large, 7-10 cm in length Pods are small, 1-3 cm is length. 
6. Seeds are bold, yellow in colour Seeds are small, yeUow in colour. 
7. Maturity ranges from 130-150 days Maturity ranges from 130-140 days. 
The certified, healthy and dry seeds of the above mentioned 
two species of Trigonella were procured from Govt. Agricultural 
Farm, Aligarh. 
3 .1 .2 Mutagens used 
The following th ree types of m u t a g e n s were u s e d in the 
present s tudy. The different doses and durat ion of t rea tment of 
each mutagen are given in the Table 2. 
a) Sodium azide (SA) NaNg (Aldrich Chem. Ltd.) 
b) Maleic hydrazide (MH) C2H4N2O2 (Sigma Chem. Ltd.) 
c) Dimethyl sulphate (DMS) C2H6O4S (Sigma Chem. Ltd.) 
Table 2: Details of mutagenic treatment given to Trigonella seeds 
Treatme 
(%) 
SA 
0.02 
0.03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
tnl Duration 
of 
Presoaking (h) 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
pH 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
Duration 
of 
treatment 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
No. of 
Seeds 
treated 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
3 .2 Preparation of mutagenic solution 
One p e r c e n t s tock so lu t ion of DMS and MH and 0 .10% 
stock solution of SA were prepared and from this stock solution, 
different concentrat ions of the mutagens were prepared by using 
the formula, NiVi = N2V2 where. 
Ni 
V, 
N2 
V2 
Strength of stock solution 
Volume of stock solution 
Strength of desired solution 
Volume of desired solution 
The specificity of action of chemical mutagen depends upon 
the pa r t i cu l a r condi t ions of t r ea tmen t , the more impor t an t of 
which are t empera tu re and hydrogen ion concentra t ion . In the 
course of present s tudy, mutagenic solut ions were prepared by 
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dissolving appropriate quantity of the chemicals in Sorensen's 
phosphate buffer having a pH of 7.0. 
3.3 Method of treatment 
Before the mutagenic treatment, the seeds were presoaked 
in distilled water for 12 hours at room temperature (24±1°C). 
After the presoaking period, the seeds were t ransferred to 
different concentrations of chemical mutagens for 6 hours. The 
controls were kept untreated. During the mutagenic treatments 
intermittent shaking was given throughout the treatment period 
to facilitate sufficient aeration. After the treatment period, the 
treated seeds were thoroughly washed in running tap water 
before they were sown in the pots. 
3.4 Sowing of seeds 
In both the species of Trigonella, each treatment as well as 
control consisted of 100 seeds. The treated as well as untreated 
seeds were sown in the pots to raise the Mi generation. There 
were 10-15 pots for each treatment and 5-10 seeds were sown 
in each pot. 
3.5 Evaluation of Mi generation 
The following parameters were used in Mj to study the 
effect of different mutagenic treatments. 
3.5.1 Seed germination 
Seed germination was recorded right from the emergence of 
first shoot in each treatment as well as control on alternate 
days. After recording the germination counts, the percentage of 
germination was calculated on the basis of total number of 
seeds sown. 
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Number of seeds germinated 
Germination (%) = —'• x 100 
Number of seeds sown 
3.5.2 Plant survival 
The surviving plants in different treatments were counted at 
the time of maturity and the survival percentage was computed 
out of the number of seeds germinated. 
Number of plants at maturity 
Survival (%) = x 100 
Number of seeds germinated 
3.5.3 Pollen fertility 
Fresh and young flower buds from 5-10 randomly selected 
plants were taken from each treatment including controls. Pollen 
fertility was determined by staining the pollen grains with 1% 
acetocarmine solution. Pollen grains which took the stain and 
had a regular outline were considered as fertile, while the 
shrunken, empty and unstained ones as sterile. The following 
formula was used to calculate the percent fertility. 
Number of fertile pollen 
Pollen fertiHty (%) = x 100 
Total number of pollen 
From germination, survival and fertility percentages, the 
percent inhibition, percent injury and percent reduction (sterility) 
respectively were computed by the formula. 
Percent inhibition or Control - Treated 
Percent injury or = x 100 
Percent reduction control 
3.5.4 Cytological studies 
Cytological studies were carried out on pollen mother cells 
by fixing young flower buds from each treatment as well as 
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control. The purpose of fixation is to kill the tissue without 
causing any distortion of the components to be studied. It 
should not only increase visibility of the chromosome structure 
but should also clarify the details of chromosome morphology 
such as the chromatic or heterochromatic regions and the 
primary and secondary constriction. 
Fresh and young flower buds of appropr ia te size were 
collected randomly from 5-10 p l an t s and fixed in 1:3 
acetoalcohol for 24h supplemented with c rys ta l s of ferric 
chloride. After the fixation period, the material was washed in 
tap water and finally transferred in 70% alcohol and kept in 
refr igera tor . 1% ace tocarmine solut ion was used for the 
preparation of slides. The slides were made permanent using n-
butyl alcohol schedule. Analysis of various stages of meiosis was 
done from temporary slides chiefly at metaphase, anaphase and 
t e lophase s t ages . The pho tomic rographs were t aken from 
temporary as well as permanent slides with the help of "Nicon" 
photomicrographic unit using 10 x eyepiece x 100 x objective 
lens. 
3.6 Raising of M2 generation 
For r a i s ing M2 genera t ion , the Mi seeds from each 
treatment as well as control were bulked separately. Thereafter, 
atleast 500 seeds were randomly selected in each treatment and 
sown in three replicates in pots. There were 30-40 pots in each 
treatment and 10-15 seeds in each pot. 
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3.6 .1 Observations recorded in the M2 generation 
(i) Chlorophyll and morphological mutations 
The t rea ted as well a s control popu la t ions were carefully 
screened for chlorophyll and morphological mu ta t ions from the 
emergence till the life period of p l an t s . The identif ication and 
c l a s s i f i c a t i o n p r o c e d u r e of G u s t a f s s o n (1940) w a s u s e d for 
chlorophyll mu ta t i ons , while the morphological m u t a t i o n s were 
classified according to the plant part affected. 
The m u t a t i o n f requency was ca l cu la t ed by the following 
methods . 
Number of mutated plants 
Chlorophyll mutat ion frequency = x 100 
Total number of plants 
Number of mutated plants 
Morphological mutation frequency = X 100 
Total number of 
morphological mutat ions 
(ii) Mutagenic effect iveness and efficiency 
Mutagenic effectiveness is a m e a s u r e of the frequency of 
m u t a t i o n s induced by uni t mutagen dose, whereas , mutagen ic 
efficiency is the measure of proportion of muta t ions in relation 
to undesirable changes like injury, lethality, sterility and meiotic 
a b e r r a t i o n s e tc . M u t a g e n i c e f fec t iveness a n d efficiency w a s 
calcula ted on the bas i s of formula suggested by Konzak et al. 
(1965). 
Mutagenic effectiveness 
Mutation rate (Mf) 
(cone, of mutagen)x(time of 
t reatment in hr) 
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Mutation rate on the basis of 
M2 population (Mf) 
Mutagenic efficiency 
% lethality (L) or % Sterility (S) 
or % meiotic aberrat ions (M) 
3 .6 .2 Evaluation of quantitative traits 
Observa t ions on va r ious quan t i t a t ive t r a i t s were recorded 
from a t leas t 30 p lan t s from each t rea tment as well as control 
and 10 p l an t s in each repl icate . It should be noted here tha t 
observations were recorded from normal looking p lants only and 
the p l an t s showing morphological var ia t ions were not used for 
s u c h a n a l y s i s . The fol lowing q u a n t i t a t i v e c h a r a c t e r s were 
thoroughly studied in different generation. 
I. Plant height 
Plant height was measured at matar i ty in centimeters from 
the base upto the apex of the plant . 
II. Number of branches per plant 
Primary b r a n c h e s ar is ing at the base upto the top of the 
p lant were counted in each t rea tment as well a s control. 
III. Number of pods per plant/per cluster 
Number of productive pods borne on the whole plant were 
counted in case of TYigonella foenum-graecum, whereas , number 
of productive pods per cluster were counted in case of Trigonella 
corniculata. 
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IV. Number of clustery per plant 
Total n u m b e r of c lus te r s bear ing product ive pods , on the 
whole p lant were counted in case of Trigonella corniculata only. 
V. Number of seeds per pod 
A randomly selected 10-15 pods from each plant were used 
to calculate the mean number of seeds per pod. 
VI. 1000 seed weight (g) 
Since the seeds are very small in both species of Trigonella 
as compared to other l eguminous p l a n t s , weight of a r andom 
s a m p l e of 1000 s e e d s was u s e d to ca l cu la t e the mean seed 
weight. 
VII. Total seed yield per plant (g) 
Seed yield per p lan t was the weight of a total number of 
seeds harves ted per p lan t and the mean value was calculated 
from different samples in each t reatment as well as control. 
3.7 Studies in M3 generation 
On the b a s i s of performance of yield and other des i rable 
t r a i t s , the following t r ea tmen t s were selected in M2 for ra is ing 
M3 generat ions . 
i) 
ii) 
iii) 
iv) 
V) 
0.02% 
0.03% 
0.30% 
0.40% 
0.20% 
SA 
SA 
MH 
MH 
DMS 
vi) 0.30% DMS 
From each selected treatment such MQ plants were selected 
which showed significant deviations in mean values in the 
positive direction especially for the yield components under study 
in M2 generation. Seeds of these selected plants were sown as 
separate progenies in separate pots and in three replicates to 
raise the M3 generation. Observations were recorded in all eight 
quantitative traits as in Mi and M2 generations. 
3.8 Statistical analysis 
The da ta of each quant i ta t ive t ra i t were subjected to 
statistical analysis to assess the extent of induced variation in 
different generations. Mean, standard error, standard deviation 
and coefficient of variat ion were calculated in Mi and M2 
gene ra t i ons as per the s t a n d a r d s t a t i s t i ca l p r o c e d u r e s . 
Components of var iance (genotypic and phenotypic) were 
estimated as per the formula suggested by Singh and Chaudhary 
(1977). The broad sense heritability (h^) was estimated by the 
formula suggested by Johnson et al. (1955), whereas, genetic 
advance (GA) expressed as percentage of mean was calculated as 
suggested by Allard (1960). 
3.8.1 Mean (X) 
The mean was computed by taking the sum of a number of 
observations and dividing it by total number of observations, 
thus 
X1+X2+ Xn 
N 
n 
I Xn 
1=1 
N 
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where Xi, X2 Xn = -observations 
N = Total number of observations involved 
3 .8 .2 Standard deviation (SD) 
Standard deviation is the positive square root of the average 
of sum of s q u a r e s of deviat ions of all observat ions from their 
means . It was computed on the basis of following formula 
/ (X,-X)' + (X2-X)V( •(Xa-X)^ (Xn-X)' 
SD = 
or SD = V I(X-X)^ 
where SD = Standard deviation 
ZX = Sum of all individual observations 
i .e. Xi + X2 + X3 X„ 
X = mean of all observations 
n = number of observations 
3 .8 .3 Standard error (SB) 
SD of sample 
SE = — 
VNT 
where SD = Standard deviation 
N = Number of observations 
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3.8.4 Coefncient of variation (CV) 
It measures the relative magnitude of variation present in 
the observations relative to their magnitude of arithmetic mean. 
It is defined as the ratio of standard deviation to arithmetic 
mean expressed as percentage and is a unit less number. The 
following formula was applied to compute coefficient of variation 
(CV). 
Standard deviation 
CV = X 100 
Arithmetic mean 
or 
SD 
CV = ^ X 100 
X 
3.8.5 Analysis of variance 
Analysis of variance helps in sorting out the variance due 
to different sources and also provides a bas i s for tes t of 
significance. For computing the analysis of variance between and 
within families, ANOVA was prepared foi testing the significance 
of variance. 
3.8.5.1 Components of variance 
(i) Genotypic variance (g^g) 
It was calculated by the formula, 
MSv - MSe 
5^g = X 100 
N 
where, MSv and MSe = Mean sum of squares of between 
families/within families and error, respectively. 
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5^9 = genotypic v-ariance 
N = number of replicates 
Genotypic coefficient of variation (GCV) was calculated as: 
^4 5^9 GCV (%) = ' V X 100 
(ii) Phenotypic variance (6 g) 
P h e n o t y p i c v a r i a n c e w a s e s t i m a t e d by s u m m i n g up the 
estimated genotypic variance (8^9) and the environmental variance 
(MSe or 8^e). 
6^9 = 8^9 + S^e 
Phenotypic coefficient of variation (PCV) was calculated as 
PCV (%) = V X 100 
3 .8 .6 Heritability (h^) 
It is the ratio of genotypic variance to the total phenotypic 
variance. The broad sense heritability was calculated as 
h^ (%) = X 100 
where, 8^g = genotyp ic var iance 
8^p = phenotypic var iance 
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3.8.7 Genetic advance (GA) 
The genetic advance as percentage of mean at 1% selection 
intensity (K) was computed as follows. 
GA = K. 5p .h^ 
where, h^ = broad sense heritability, 
5p = Phenotypic s t a n d a r d deviat ion of the mean 
performance of treated populations, and k = 2.64 constant for 
1% selection intensity. 
GA 
GA (% of X] = X 100 
X 
3.8.8 Test of signiflcance 
The significant differences between treated and control 
population means was obtained by using the least significant 
difference (LSD) method (Snedecor and Cochran, 1968) with some 
suitable modifications. It was computed as follows. 
Step 1: Construction of data table for 5 t rea tments and 3 
replicates. 
The data were computed such that each t reatment 
occupies a column and their replicates were arranged 
in rows. 
Rows Column number (ireatments) Total of rows Squares 
(Replicates) (Replicates) of total 
Ti Ta T3 T4 T5 (S) of rows 
Ri A, B, Ci D, E, A,+-E,=X, (X,P 
R2 A2 B2 C2 D2 E2 A2+-E2=X2 (X2)^ 
R3 A3 B3 C3 D3 E3 A3+-E3=X3 (Xa)^ 
Total of A1+-A3 B,+-B3 Ci+-C3 D1+-D3 E1+-E3 Grand Total 
columns(Z) = Y, = Y2 = Y3 = Y4 = Y5 (Xi)^ + - (Xa)^  
Squares of (Y,)' (Yj)" (Y3)' (Y4)' (Ys)' (Y,)'+-(Y5)'=WY 
total columns 
Y,+-Y5 
=WX 
X,+-X3 
Sum of (A,)2+-(A3)2(B,)'+-(B3)^(C,)'+-(C3)2(D,)V-(D3)'{E,)V.(E3)2 
squares of -1] =Z2 =1^ =24 =15 Zi+--Z5=WZ 
total of 
columns (£)^ 
Step 2: Correction factor (CF) 
(Grand Total)^ 
CF = X 100 
t X r 
or 
{Wxf 
CF = X 100 
t X r 
Wx = Grand total 
t = number of t rea tments 
r = number of replicates 
Step 3: Total sum of squares (SSQT) 
This is the s u m of s q u a r e s of all the va lues in the 
table minus the correction factor. 
SSQT = [ (Ayf + (Bi)' + --— {E,f\ - CF 
49 
s t e p 4: Sum of squares of t rea tments (SSQT) 
^2 (Yi) + (ya) + (y5i 
SSQT = CF 
r 
or SSQT = Wy/r - CF 
where, r = number of replicates 
Step 5: Sum of squares of replicates (SSQr) 
- CF SSQr = 
Or SSQr 
Where, t 
(Xl)' + 
= W r / t 
= n u m t 
tv^\^ + .-(X2) ^ 
t 
- CF 
•er of t rea tments 
(X3)' 
Step 6: Sum of squares of error (SSQE) 
SSQE = SSQT - (SSQt + SSQr) 
Step 7: Estimated variance of error (MSE) 
SSQE 
MSE = 
(t-1) (r-1) 
Step 8: Least significant difference based on ordinary t-test 
(LSD). 
2 MSE 
LSD at 5% level = " V x t value at 5% level 
2 MSE 
LSD at 1% level = A / x t value at 1% level 
If the difference between any two sample means exceeds 
the leas t significant difference (LSD) value at 5% or 1% level, 
the difference between the two means is said to be significant at 
5% or 1% level respectively, 
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C^liapter-4 T 
EXPERIMENTAL RESULTS 
4.1 Studies in Mi generation 
In Ml generation the effects of Sodium azide (SA), Maleic 
hydrazide (MH) and Dimethyl sulphate (DMS) were evaluated on 
different biological parameters viz. seed germination, plant 
survival, pollen fertility, cytological aberrat ions and various 
quantitative parameters. 
4.1.1 Seed germination 
Seed germination decreased with an increase in mutagenic 
t r e a t m e n t s in both Trigonella foenum-graecum as well as 
Trigonella corniculata (Table 3-4,Graph figs. 1-3). The highest 
inhibition percentage was observed at 0.05% SA (39.17% and 
36.73%) in T. corniculata and T. foenum-graecum respectively. The 
pooled mean values indicate that SA proved to be most effective 
followed by DMS and MH in both species. In general, maximum 
inhibi t ion was noticed in T. corniculata for all the three 
mutagens , indicating its greater sensitivity to the mutagenic 
treatments. 
4.1.2 Plant survival 
Plant survival also revealed a decreasing trend with an 
increase in mutagenic treatments. (Table 3-4,Graph figs. 1-3). In 
case of SA maximum lethality (28.46%) was observed at 0.05% 
in T. foenum-graecum. In case of MH, maximum le thal i ty 
(32.12%) was observed at 0.50% in T. corniculata, whereas DMS 
showed maximum lethality (33.31%) at 0.50% in T. corniculata. 
The pooled mean values indicate DMS to be most effective 
followed by MH and SA in reducing the survival percentage in 
both species. However, the extent of damage was almost similar 
in both species. 
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Fig.l: E£fect of Sodium azide on seed germination, plant 
survival and pollen fertility in M^ generation in Trigonella 
species 
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Fig. 3 . Effect of Dimethyl sulphate on seed germination, 
plant survival and pollen fertility in M^ generation in 
Trigonella species. 
4.1.3 Pollen fertility 
A dose dependent reduction in pollen fertility was noticed in 
all mutagens in both species. In other words, pollen sterility 
increased with an increase in mutagenic treatments (Table 3-4, 
Graph figs. 1-3). In T. foenum-graecum maximum sterility was 
observed at 0.50% DMS (38.26%) followed by 0.50% MH (34.26%) 
and 0.05% SA (27.79%). Similarly, in T. corniculata maximum 
sterility was observed at 0.50% DMS (39.31%) followed by 0.50% 
MH (35.37%) and 0.05% SA (31.22%). rhe pooled mean values 
indicate DMS to be most effective where maximum sterility 
27.12% and 26.64% were observed in T. corniculata and T. 
foenum-graecum respectively. Although, the amount of sterility 
was similar in both species, T. corniculata showed comparatively 
more sterility than T. foenum-graecum. 
4.1.4 Cytological observations 
The control plants of T. foenum-graecum and T. corniculata 
revealed 8 perfect bivalents (2n=16) at both diakinesis and 
metaphase I. Anaphase and Telophase segregation were normal 
giving rise to normal tetrads and fertile pollen grains (Plate-I, 
figs. 1-3). 
A large number of meiotic abnormalities were observed in 
the t reated popula t ions , in both species. The frequency of 
meiotic aberrations and the total frequency at different mutagenic 
treatments are summarized in Table 5-6. 
The most frequent aberrations in the present investigations 
were stickiness, univalents, multivalents, precocious separation, 
laggards, bridges, micronuclei, disturbed polarity and cytomixis. 
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Besides, other aberrations such as mis-orientation at metaphase, 
u n e q u a l segregat ion , non-d i s junc t ion were observed in 
comparatively low frequency. It is clearly evident from, the tables 
t h a t meiotic abnormal i t i e s inc reased with an inc rease in 
mutagenic treatments, the maximum aberrations being at highest 
dose of each mutagen (Graph fig.4). The highest frequency of 
aberrations was observed in case of T.corniculata indicating its 
greater sensitivity to all the three mutagens. 
Stickiness was the most common abnormality observed in 
the present investigation. Bivalents were found in different 
groups or clumped into a single group due to the stickiness of 
chromosomes (Plates-lfislI, figs.5-7,14,15). In T. foenum-graecum 
the highest frequency of PMCs showing stickiness was observed 
at 0.40% MH (3.64%) whereas, in T. corniculata, 0.50% MH 
recorded highest frequency (4.21%), followed by 0.50% DMS 
(3.61%) and 0.05% SA (3.54%) showing stickiness. 
The frequency of univalents ranged from (2-5) per PMC at 
metaphase I. (Plates-IIfiBlll, figs. 10,17,18). The highest frequency 
of PMCs showing univalent formation was observed at 0.50% 
DMS (3.15% and 3.13%) in T. foenum-graecum and T. corniculata 
respectively. The lower treatments of SA and DMS in T. foenum-
graecum and lower treatments of MH (0.20%) in T. corniculata 
did not show any univalent formation. 
Multivalent formation was observed more frequently at higher 
treatments of all mutagens. Multivalents were observed in the 
form of t r iva lent , t e t r ava l en t s and chain of b iva len t s at 
metaphase I (Plate-1, fig.9). The highest frequency was observed 
at 0.50% DMS (2.91% and 2.89%) in T. foenum-graecum and T. 
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corniculata respectively. -Multivalent formation was generally 
absent at lower treatments of all mutagens except 0.20% MH in 
T. foenum-graecum which recorded lowest frequency (0.54%) of 
PMCs with multivalent formation. 
Precocious movement or early disjunction of chromosomes 
were observed in most of the t reatments except some lower 
t reatments (Plate-II, figs. 11-13). Mostly one or two bivalents 
d i s junc ted early, however, in some cases more t h a n two 
bivalents separa ted early than normal dis junct ion of other 
b iva l en t s . The h ighes t frequency of PMCs showing early 
disjunction was observed at 0.50% DMS (2.18% and 1.93%) in T. 
foenum-graecum and T. corniculata respectively. In general, DMS 
induced highest frequency followed by MH and SA of PMCs 
showing early dis junct ion. Spindle d i s t u rbances were also 
observed in some PMCs of treated populations which resulted 
into mis-orientation of bivalents at metaphase (Plate-Ill, fig.22). 
These bivalents were found scattered in the cell. The highest 
frequency of such anomalies was observed at 0.50% MH (1.64%) 
and 0.50% DMS (1.46%) in T.corniculata and T. foenum-graecum 
respectively. 
Anaphase and telophase abnormalities included laggards, 
bridges, unequal segregation, non-disjunction, micronuclei and 
disturbed polarity. 
The number of lagging chromosomes at A I ranged from 1-3 
or more per PMC (Plates-IIISsIV, figs.23,31,32). In T. foenum-
graecum, the h ighes t frequency of PMC$ with lagging 
chromosomes was observed at 0.50% DMS (2.91%), 0.50% MH 
(2.21%), 0.05% SA (1.28%). Similarly, in T. corniculata the 
highest frequency was 1.13%, 2 .34% and 2 .28% in 0 .50% 
DMS, 0.50% MH and 0.05% SA respectively. 
Bridges without fragments were observed comparatively more 
f r equen t ly a t h ighe r t r e a t m e n t s . Mostly s ingle b r i d g e s were 
o b s e r v e d however , in some PMCs d o u b l e b r i d g e s were a lso 
observed a t a n a p h a s e and t e lophase s t ages (Plate-IV, fig.33). 
DMS induced highest frequency of bridges followed by MH and 
SA. Maximum frequency was observed at 0.50% DMS (2.18% and 
2.17%) in T. foenum-graecum and T. corniculata respectively. 
U n e q u a l s e g r e g a t i o n of c h r o m o s o m e s a t a n a p h a s e w a s 
observed in some PMCs at higher t rea tments . Instead of normal 
8:8 segrega t ion , it was observed t h a t ch romosome segrega ted 
under 9:7, 10:6 at anaphase in some PMCs (Plate-Ill, fig.20). The 
h ighes t frequency of such PMCs were observed at 0 .40% DMS 
(1.97%) and 0 .50% DMS {lA5%)^-'\t^^M.Af&BfVifi^-graecum and T. 
corniculata respectively. / '^^-r'rr tZ ^  5^ ^ S 
I t Ace. No.. )' 
Non-disjunction of chroirtp'Sdines was 'also -obs 
PMCs of treated populat ion (P\h^tt-^Js^Ji^29L^r^tr-Jinch PMCs the 
b iva lents failed to dis junct and ei ther four b ivalents moved to 
each pole or some of the bivalents moved to the anaphase pole 
along with normally disjuncted chromosomes. Non-disjunction was 
genera l ly a b s e n t in lower t r e a t m e n t s . Maximum frequency of 
such PMCs was observed at 0.50% DMS (1.94%) and (1.69%) in 
T. foenum-graecum and T. corniculata respectively. 
Micronucle i were f requent ly observed at Te lophase I and 
Telophase II stages of treated populations. In T. foenum-graecum, 
the highest frequency of PMCs with micronuclei among the three 
m u t a g e n s were obse rved a t 0 . 5 0 % DMS (1 .70%) , 0 . 0 5 % SA 
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(1.54%) and 0.50% MH j(0.98%). Similarly, in T. corniculata, the 
highest frequency was 2.89% (0.50% DMS), 2.34% (0.50% MH) 
and 1.77% (0.05% SA). 
Disturbed polarity at anaphase and telophase was observed 
in almost all treatments except in some lower treatments (Plate-
Ill, fig.24). The highest frequency of PMCs with disturbed polarity 
was observed at 0.50% DMS (2.41%) and 0.50% MH (1.72%) in 
T. corniculata and T. foenum-graecum respectively. 
Cytomixis was also observed in most of the treatments in 
both species. Cytoplasmic connections were observed between two 
or more than two PMCs at different stages (Plate-Ill, fig.25). 
DMS induced highest frequency of PMCs with cytomixis followed 
by SA in both species. Maximum frequency of such PMCs was 
2.89% and 1.70% at 0.50% DMS in T. corniculata and T. 
foenum-graecum respectively. 
It is clearly evident from Tables 5-6 that the frequency of 
meiotic aberrations increased with an increase in dose (Graph 
fig.4). The highest overall frequency (29.39%) and (27.42%) were 
observed at 0.50% DMS in T. corniculata and T. foenum-graecum 
respect ive ly . Lower t r e a t m e n t s of all m u t a g e n s induced 
comparatively low frequency in both species. Based on the 
frequency of meiotic aber ra t ions the effectiveness of three 
mutagens can be arranged as DMS > MH > SA in both species. 
4.1.5 Studies on quantitative characters 
In Ml genera t ion the effect of SA, MH and DMS was 
studied on different quantitative traits viz. plant height (cm), 
number of b ranches per plant , number of pods per plant . 
J 
C 
?5 
0 ) 
> 
ni 
cr 
«> 
13 
O 
CO 
> 
Q 
c 
«3 
X 
< 
CO 
o 
0 ) 
LU 
{i 
P » 
s 
at 
« E 
^^  o 
o 
0. 
o 
o —. 
0 0 
• » *=*. 
CO 
< N • — 
CM 
O 
O i S -( D 
•H «*> 
r-(a — 
cv: 
o 
o —» 
in 
•H « ^ 
a> 
8 ^ 
o 
o 
+1 
0 0 
• " 
~J 
£ 2 o 3. 
(0 
Q> 
£Z 
O 
(Q 
" 
«-*» 
E 
u 
•* 
s 
Ok 
' • W 
» c 
s ra 
^ X 
c 
4 ) 
g 
m 
K 
4 r f 
c 
ni 
— a . 
« r f 
e 
ni 
— a . 
lU ( A 
+1 
e 
re 
0 ) 
S 
? ^ • • • ^ 
CM 
O 
•H 
o 
csi 
CM 
CM 
o 
+1 
o 
( O 
CM 
S2- S E . 
T— 
o 
o —. 
in ^-CM 
CM 
o 
o 
•H 
CM 
CO 
CM 
C3 
O 
+1 
to 
• ~ 
CM 
O 
o ^ 
^" 
CM 
o 
+1 
' T 
CO 
CM 
O 
C3 
-H 
o CM 
in 
CM 
O 
O 
+1 
CM 
• * " 
O 
0 0 
o 
~^, 
CM 
O 
O 
+1 
LO 
O l 
CO 
( O 
CM 
_^  
o 
-H 0>. 
CO ^ 
r~-
o 
-H f^ 
CO ~ ^ 
r». 
•H «=> 
CM 2 . 
in 
r>-
o 
o ^ 
CO 
t ^ 
o 
° i n 
•H « ^ 
OO — ' 
en 
CO 
i n 
o 
•H " ^ 
CO 
r~-
co 
o 
o 
•H 
CO 
r-
o 
o 
CM 
2 
G. 
0 0 
o 
°<o 
•H « ^ 
in 2 : 
0 0 
CO 
o 
o 
+1 
CO 
h - r-
C3 
o 
+1 
LO 
r~-
,,_^  X— 
in 
CM 
CO 
CD 
•H 
LO 
CO 
..m^ 
in CO 
CO 
• ^ " ^ 
CO 
o 
o 
+1 
CO 
d 
>~ 
0 0 
o 
CO 
^ 
o si, 
CM CO 
CO 
d —« 
•H ^ 
1 ^ 
oq 
r-^  
OO 
•H 
CO 
CO 
CM 
o 
h- ' 
s 
S 
^ 
C 3 
•H 
o 
CO 
CO 
CO 
in 
h-i 
s 
5 
0 0 
^ 
0 0 
i n 
CM 
CM 
CN 
•H 
in 
o 
t ^ 
in" 
CO 
in" 
^ 
in 
•H 
O 
Y -
1 ^ 
CD 
+1 
CO 
CD 
s-
r«^  
1 
^ 
o 
d 
+4 
o 
CO 
CO 
CM 
CD 
+1 
h-i 
in 
Y " 
CM 
V " 
in 
c> 
CO 
CO 
CO 
CO 
CO 
CD 
•H 
o 
en 
r-' 
to 
( 0 
u> 
T -
0 0 
in 
CD 
+1 
o 
0 0 
CM 
i n 
CO 
CD 
+1 
m 
tn 
t ^ 
a 
h«. 
2 
r^ 
^ 
CM 
in 
d 
•H 
CO 
o 
OO 
CM 
CD 
•H 
CM 
h-^ 
g 
a 
^ 
i n 
d 
•H 
CO 
CO 
o 
CO 
o 
-H 
CM 
OO 
1 ^ ' 
in" 
Jo" 
in 
T ~ 
0 0 
i n 
CD 
+1 
CO 
CO 
CO 
CD 
+1 
CD 
CO 
r^ 
s 
(d 
( O 
V 
CD 
CD 
CD 
+1 
<D 
CM 
CO 
CM 
CD 
+1 
CM 
h-! 
0 0 
ST 
in 
^ 
CM 
CO 
o 
+1 
CO 
CO 
CM 
CD 
+1 
CD 
CM 
CO 
r~. 
G. 
co" 
( M 
T -
CO 
•H « 
o 2 
OO 
CO 
o - ^ 
•H « ^ 
CO 
•H *^ 
m 
CM 
CD ^ 
•<1-
° i n -
+1 *>. 
CO ^ -
l O » ^ 
0 0 
CO 
° f M -
•H «^. 
o — 
m 
CO 
O S -
•H ««> 
o ^ 
I D >— 
in 
CM 
O 
CJ> 
CO 
•H * * . 
0 0 ~ ^ 
CO 
CD 
+1 » 
CO ^ 
CO 
CO 
ST ^ er> 
0 0 CM 
CM 
O 
CO 
o o" 
o Si 
CM 
$ 
CM 
CO 
d ^^ 
-H S 
CO i 
CM 
4^S 
in S2. 
CO 
0 0 
CM 
d 
CO a . 
CO 
CM 
C7> 
o 
•H 
in 
i n 
CO 
CM 
CD 
M 
o 
CO 
eo 
0 0 
CO 
CM 
d p" 
CO n 
CO 
CO 
CM CM 
CD S T CD 
•H 
§ 
CO 
<o 
+1 
< 0 
a, r-. 
CD 
0 0 
CO 
in 
CM 
CM 
o ST 
0 0 
Cvl 
CD 
•H 
in 
CM 
CO a . 
CM 
o S" 
o a. 
CD 
0 0 
CM 
+1 
o 
CM 
o 
CN 
+1 
CD 
CD 
d 
CM 
+1 
0 0 
CM 
i n CO 
•»Zn +1 i n 
0 0 
CD 
CD , _ 
CO C -
CT> 
oi 
CO 
0 0 
CD 
CO 
J2. O 
o 
CM 
•H S 
CT> J 2 , 
Tr 
o 
-H S 
o S. 
CD 
CM 
in 
d ,_ 
•H in 
o « 
i n 
CO 
CO 
o 
+1 g 
o t i 
cy> 
0 0 
o 2>, 
o 
o 
o 
CO 
i n 
CO si-
CD 
CD 
CO 
0 0 
CM 
CD Jo" 
+ 1 " 
O 
o 
0 0 
CO 
CD ST 
+1? 
CO CO 
CM 
0 0 
CD . _ 
CO 
CO 
o 
O 
CN 
0 
0 
< • 
CO 
CO 
0 
0 
0 
0 
in 
CD 
0 
0 
CM 
0 
X 
S 
0 
CO 
0 
CD 
0 
0 
in 
0 
0 
CM 
0 
S 
a 
CD 
CO 
0 
CD 
0 
0 
in 
0 
11 
•A 
.1 
I 
0) 
> 
M 
3 O 
•c 
> 
CO 
Q 
C 
«J 
< 
CO 
o 
00 
« E 
II 
CJ> 
o ..^ 
o si 
o 
CM 
o 
lO 
CO 
C3 
CO 
O 
CO CM 
CM 
M 
CM 
C3 
CO 
o 
o> 
oo 
o 
•H 
o —' i n •—• 
CO 
o 
CM 
O ^ ^ 
•H in 
-* £2, 
•H in 
CD 50, 
in 
o 
•H 
CN ^ S 
o cri 
oo 
o 
-H « 
CO 
CO 
o 
° f ^ °S? ° f f ° « 
^ a> +) o +1 o> +1 . 
•>~ 00 ee = 
CD 
n * -^ ^ f > 0> 
+)in +)0> +)r-. +i»-
co '-^ 
CO 
(D 00 
CD to 
o> 
CM 
o . 
in 
o 
•H f*: 
i n 
1 ^ 
cz> , 
in 2 . 
CO 
CM 
o — 
+1 •? 
C3 — ' 
CO 
•;=- °^ 
o 
CM 
CD 
CO 
O CD O 
CD p CD S- CD 25-
•H • ^ -H • +1 I ' ' 
CO £ • a> 
in 'J-
CM 
•H • ? 
C7> 
1 ^ 
CM 
+1 V 
(D 
O 
CD J ? 
CD ^ 
CJ> 
•^ cvi 
CM 
in 
<o 
M 
IS J2 10 
o> ^ 
i - H 
li 
CD 2 - CD S2. 
CD 
CM 
1 ^ 
CO 
CD _ 
+) S 
o ci 
CM 
CO 
CO 
4 l S 
o S2. 
oo 
o «> 
CD 
CD 
CM 
CD 
CO 
CD _ ^ 
CM 
CD 
CM 
<3 S T 
CD 
in in 
M in 
in 
CD 
CM 
o 
CD 
CD 
C3 O 
en 
+1 
s^ 
CM 
CO 
CD — ' 
o « 
CO 
CT> 
CO 
CO 
CM 
00 
CD ,_^ 
CO 
o 
CD 
CD 
CD S" 
M 
• ^ • ^ C O 
•H 
in 
o 
•H « 
CO ^ 'S" ^ f — 
TO CO cn 
in 
o „_ 
•H w 
o S, 
CO 
CD 
•H < 0 -H 1 -
•n 
CM 
in 
in 
CM 
o „_ 
0 0 
o si 
oo 
00 
+1 o> 
00 
00 
oo 
o S. 
CD 
CD 
CM 
CD 
^S 
CO 
o 
^ CM 
C3 ^ 
<3i 
O 
m 
o S2. 
CO 
o 
+1 « 
0 0 
CO 
CO 
•H 0» 
o ? 
CM ~ -
oo 
1 ^ 
!Ji. o ! I i t ^ S . o 3 N-S2,  
CM 
CD 
•H 
N . 
<D 
co-
i n 
* 
^. 
o 
•H 
CO 
f^ 
P--ix. 
(O 
J", 
CT> 
CD C ^ 
+1 
<0 
O 
CO 
CO 
CM 
C3 S" 
CO 
CJ) 
+.2 
OO 
od 
m 
CM 
CM 
CJ> 
C35 
o <£, 
CJ> 
CO 
CO 
0 0 
CM 
in in 
CD „ _ 
CO CJ. 
CD 
<D 
00 
in 
CD , ^ 
•H W 
o si 
CO 
00 
CO 
in 
o 
••a-in 
o <£, 
o 
CM 
CO 
CD 
<D 
•H S 
o 
CO 
o 
o S" 
0 0 ^ 
CD 
in 
CD ^ _ 
+1? 
o si. 
CO 
CD 
•H ?o 
CO 
in 
CO 
m S2. 
CO 
CO 
o 
CD 
in 
o 
o ST 
o 
CD 
CO 
in 
•H CM 
CD 
CM 
O 
+ 1 ^ 
CD 
O 
CM 
O 
o in 
<b 
o C 
in 
in 
0 0 
o 
+1 
CO 
o 
- ^ 
o ZZ, 
in 
o si 
CD 
CO 
o ,^ 
in 
CM 
CM 
o S" 
.. <o 
•H • CO 
o R-
.. o> 
•H _• 
«n 
o f r 
. m 
•H • 
CD 
^ co^ coc o c . o;;. o CM 
CD 
CD 
in 
CM 
CO 
CD ^ 
CO 
CO 
CO 
CD 
CD 
O 
CO 
CO S 2 . 
CD 
CO 
CO 
( 0 
•H i n 
CM fc, 
O 
CD 
CD 
CD , ^ 
o in CD CM CD ro 
CM 
CO 
CD 
•H 
<D 
CM 
CD 
CD 
o 
o < CO i 
in 
CD 
-H !I 
CO 
in 
S . c o 2 . c o ! £ > . c o > 2 , r ^ 5 £ . 
o 
en 
CD 
oo 
o 
CO 
T — 
CM 
CD 
+1 
CD 
<n 
t:: 
• * 
CO 
^ 
CM 
CM 
CD 
+1 
O 
CM 
r~ 
i n 
CO 
^ 
00 
—^ C3 
+1 
r^  
C3 
o> 
CM 
h-
—^ 
CO 
C3 
CD 
in 
CD 
CO 
o 
m 
C0 
en 
number of clusters per plant, number of pods per cluster, pod 
length (cm), seeds per pod, 1000 seed weight (g) and total yield 
per plant (g). Data on all these quantitative t ra i t s and the 
comparat ive effect of mutagens on mean and coefficient of 
variation is presented in Tables 7-10. 
Plant height decreased in almost all mutagenic treatments in 
both species. However, dose dependent decrease in plant height 
was achieved in DMS treatments in T. foenum-graecum as well 
as in T. corniculata, whereas SA showed dose dependent decrease 
in T. corniculata only. 
Number of branches per plant also decreased in most of the 
mutagenic treatments. However, in some lower treatments of SA 
and DMS and intermediate treatments of MH, mean number of 
branches increased showing sign of stimulatory effect. The mean 
number of pods per plant decreased in all treatments except 
0.02% SA where an increase in number of pods was observed in 
T. foenum-graecum. Similarly, in case of T. corniculata, number of 
clusters per plant and number of pods per cluster decreased in 
most of the mutagenic t reatments . However, an increase for 
these traits was observed in lower treatments of SA and DMS. 
Pod length also decreased in most of the mutagen ic 
treatments. Dose dependent decrease in pod length was observed 
in SA and DMS t r ea tmen t s in T. foenum-graecum and MH 
treatments in T. corniculata. However, an increase in pod length 
was observed in 0.30% MH and 0.03% SA, 0.30% DMS in T. 
foenum-graecum and T. corniculata respectively. 
A dose dependent decrease in mean number of seeds per 
pod was observed in case of SA and MH treatments in both 
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species. However, some lower treatments of both these mutagens 
and 0.30% DMS showed stimulatory effect on this trait. 
1000 seed weight (g) and total yield per plant (g) increased 
in almost all lower treatments but decreased significantly at the 
higher treatments in both species. 
In genera l , lower or in t e rmed ia te t r e a t m e n t s showed 
stimulatory effect whereas higher treatments of all mutagens 
ikowed inhibitory effects on various quantitative traits studied in 
Ml generation. Among the three mutagens DMS proved to be 
most effective followed by SA and MH in reducing the mean 
values of most of the quantitative traits as it indicated by the 
pooled mean values (Tables 9-10). 
The polygenic variability measured in terms of coefficient of 
variation increased in most of the mutagenic treatments. In 
genera l , lower or in t e rmed ia te t r e a t m e n t s showed higher 
coefficient of variation for most of the quantitative traits with a 
few exceptions. Among different quantitative traits the highest 
coefficient of variation was recorded for number of branches per 
plant followed by number of seeds per pod and pod length in T. 
foenum-graecum whereas, in T. corniculata, highest coefficient of 
variation was recorded for number of seeds per pod followed by 
number of branches per plant and pod length. Among the three 
mutagens DMS induced comparatively more variability followed by 
SA and MH in both the species. 
4.2 Studies in M2 generation 
4.2.1 Seed germination 
Seed germination decreased with an increase in mutagenic 
treatments in M2 also. However, the extent of decrease was low 
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as compared to Mj (Tables 11-12). The h ighes t inhibi t ion 
percentage was 32.00% and 25.93% recorded at 0.05% SA in T. 
foenum-graecum and T. corniculata, respectively. MH was least 
effective in both species. 
4.2.2 Plant survival 
Plant survival decreased with an increase in mutagenic 
t r e a t m e n t s in both species (Tables 11-12). In case of SA 
treatments, plant survival decreased from 90.14% to 74.23% and 
90.72% to 75.38% as compared to control in T. foenum-graecum 
(96.26%) and T. corniculata (97.49%) respectively. In case of MH, 
plant survival decreased from 94.36% to 72.51% and 91.39% to 
73 .31% in T. foenum-graecum and T. corniculata respectively. 
Similarly, in case of DMS treatment plant survival decreased 
from 87.27% to 68.12% and 86.34% to 69 .25% in the two 
species respectively. Among different mutagens the highest 
lethality 29.23% and 28.97% were recorded at 0.50% DMS in T. 
foenum-graecum and T. corniculata respectively. The pooled mean 
value indicate that DMS was most effective followed by SA and 
MH in both species. 
4.2.3 Pollen fertility 
Pollen fertility also decreased with an increase in mutagenic 
treatments in both species (Tables 11-12). However, less sterility 
was observed in M2 as compared to Mj. The highest sterility 
was recorded at 0.50% DMS in T. foenum-graecum (23.34%) and 
T. corniculata (24.19%). The order of effectiveness for three 
mutagens in causing sterility was DMS > MH > SA in both the 
species. 
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4.2.4 Chlorophyll mutations 
Immediately after germination seedlings of treated as well as 
controlled population were thoroughly screened for chlorophyll 
mutations. 
4.2.4.1 Types of chlorophyll mutations 
Different types of chlorophyll mutants viz. albina, xantha, 
chlorina and maculata were isolated from the treated population 
in both the species. A brief description of these chlorophyll 
mutants is given below. 
1. Albina: Seedlings emerged completely or nearly white, 
relatively smaller than normal seedlings, with translucent 
appearance in the beginning and turning dull yellowish 
before wi ther ing. Seedl ings died within a week after 
emergence. 
2. Xantha: Seedlings were straw yellow, pale yellow or orange 
in colour. Seedlings were non-viable and died within 15 
days of emergence. 
3. Chlorina: Seedl ings emerged pale yel lowish-green to 
yellowish green, lethal or semi-lethal, started dying within 
2-3 weeks after germination. Some seedlings survived upto 
flowering without seed setting. 
4. Maculata: Seedlings showed white or yellow dots in their 
leaves. They either died after 25 days or survived till 
maturity but no seed set was observed. 
4.2.4.2 Frequency and spectrum of chlorophyll mutations 
Chlorophyll mutation frequency was calculated on the basis 
of total number of M2 plants in each mutagen. Detailed analysis 
of frequency and spectrum of chlorophyll mutations induced by 
SA, MH and DMS are presented in Tables 13-14. Whereas, the 
mutation rate on different mutagens in presented in Table 17. 
A general look on the tables revealed tha t chlorophyll 
mutation initially increased with an increase in dose of the 
mutagen, however a slight decrease in mutation frequency was 
observed at higher t r ea tmen t s of all mutagens with a few 
exceptions. Moreover, it is also clearly evident that the frequency 
of chlorophyll mutations differed among different mutagens as 
well as between the two species under investigation. 
The highest frequency of albina mutants was observed at 
0.04% SA (0.52%) followed by 0.30% DMS (0.48%) in T. foenum-
graecum. Similarly, in T. corniculata the highest frequency of 
albina was recorded at 0.30% DMS (0.74%) followed by 0.50% 
DMS (0.60%). 
Frequency of x a n t h a m u t a n t s were h ighes t among all 
chlorophyll mutants. Maximum frequency of Xantha was recorded 
at 0.20% DMS (1.36%) followed by 0.03% SA (1.25%) in case of 
T.foenum-graecum. In T. corniculata maximum frequency of xantha 
was recorded at 0.30% DMS (1.72%) followed by 0.30% MH 
(1.39%). The highest frequency of chlorina m u t a n t s were 
recorded at 0.20% DMS (1.14%) followed by 0.05% SA (1.12%) in 
T. foenum-graecum whereas , in case of T. corniculata the 
maximum frequency of chlorina was recorded at 0.40% MH 
(1.59%). Similarly, frequency of maculata was maximum at 0.02% 
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SA (1.17%) and 0.03% SA (1.28%) in T. foenum-graecum and T. 
corniculata respectively. 
In general, xantha was most dominant followed by chlorina 
and maculata in both the species whereas albina showed the 
lower frequency. Moreover, DMS proved to be most effective in 
inducing maximum chlorophyll mutation frequency followed by 
SA. T. corniculata recorded comparatively more chlorophyll 
mutation frequency than T. foenum-graecum. 
4.2.5 Mutagenic effectiveness and efficiency 
Mutagenic effectiveness is the frequency of mu ta t i ons 
induced by unit dose of mutagen whereas mutagenic efficiency is 
the frequency of induced mutations at each dose in relation to 
biological damage such as lethality, sterility etc. Both mutagenic 
effectiveness and efficiency were calculated on the basis of 
chlorophyll mutations per Mj plants and the data is presented 
in Tables 15-16. 
It is clearly evident from the t ab les tha t mutagen ic 
effectiveness was higher at lower treatments which decreased 
progressively towards higher treatment.^. Mutagenic effectiveness 
varied among different mutagens as well as between the two 
species. In case of SA treatments 0.02% and 0.03% proved to be 
most effective in T. foenum-graecum and T. corniculata 
respectively. In case of MH treatments 0.30% proved to be most 
effective in both species, whereas in DMS, 0.20% was the most 
effective dose in both the species. Among the three mutagens, 
SA proved to be most effective followed by DMS. MH was found 
to be the least effective mutagen. 
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Mutagenic efficiency was calculated on the basis of following 
criteria-
a) Mutagenic efficiency based on lethality (Mf/L) 
b) Mutagenic efficiency based on sterility (Mf/S) 
c) Mutagenic efficiency based on meiotic aberra t ions (Mf/m) 
M u t a g e n i c efficiency s e e m e d to vary b a s e d on different 
cr i ter ia u sed . In general , mutagenic efficiency on chromosomal 
a b n o r m a l i t i e s w a s h i g h e r fol lowed by ef f ic iency b a s e d on 
lethality. In case of SA and DMS treatments mutagenic efficiency 
decreased with an increase in t r e a tmen t s whereas , among MH 
t r e a t m e n t s in termedia te t r e a tmen t s were most efficient in both 
spec ies . Based on le thal i ty , DMS proved to be mos t efficient 
fo l lowed by SA. W h e r e a s , b a s e d on s t e r i l i t y a n d m e i o t i c 
aber ra t ions SA proved to be most efficient mutagen in both the 
s p e c i e s . In g e n e r a l , T. corniculata s h o w e d h i g h e r v a l u e of 
efficiency for all mutagens as compared to T. foenum-graecum. 
4 .2 .6 Morphological mutat ions 
Different morphological mutan ts affecting different plant parts 
(Plates-V-IX, figs. 1-17) were isolated in M2 generat ion from the 
t r e a t e d p o p u l a t i o n . The f r e q u e n c y of t h e s e m o r p h o l o g i c a l 
mu ta t ions based on total morphological mu ta t ions presented in 
Table 18. A brief description is given below. 
(i) Tall m u t a n t s : These m u t a n t s were isola ted in T. foenum-
graecum. Plants were tall (60-65cm) in height. The branches were 
inc reased and flowering was high (40-60%) and seed set was 
very low. The frequency of tall mu tan t s was 6.82% of the total 
morphological muta t ions . 
63 
(ii) Dwarf mutants : These m u t a n t s were isola ted in both 
species. Plants of T. foenum-graecum were short (20-25cm) in 
length. Branches number was reduced and pollen sterility was 
25-35% and seed set was low. Dwarf plants of T.corniculata were 
short (25-30cm) in length which ensured bushy characteristics. 
The frequency of dwarf m u t a n t s was 11.36% of the total 
morphological mutations. 
(iii) Bushy mutants : Isolated in T. corniculata at higher 
t reatment only. These mutan ts showed reduced plant height, 
profuse branching and delayed flowering. Seed set was low due 
to high sterility (60-80%). The frequency of such mutants was 
9.09% of the total morphological mutations. 
(iv) Broad leaf mutants: These mutants were isolated at lower 
treatments of DMS and SA in both the species. The leaves were 
broad in size as compared to control and plant height was 
normal. Flowering was delayed by 6-10 days. Pollen sterility was 
comparatively low (15-20%) and seed set was normal . The 
frequency of these m u t a n t s was 1 5 . 9 1 % of the to ta l 
morphological mutations. 
(v) Small, narrow leaf mutants: These mutants were weak in 
growth. Leaves were either small or long, narrow with poined 
tip. Pollen sterility was high (70-80%) and seed set was low. The 
frequency of these mutants was 9.09% of the total morphological 
mutations. 
(vi) Pod mutants: Two types of mutants viz. increased pod size 
and decreased pod size were isolated at lower and higher 
treatments respectively in T. foenum-graecum. Increase in pod 
size was associated with increase in number of seeds whereas 
64 
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decrease in pod size was* associated with decrease in number of 
seeds per pod in these mutants. The frequency of these mutants 
was 18.18% and 13.63% respectively of the total morphological 
mutants. 
(vii) Seed mutants: Bold and small seeded mutants were isolated 
in case of T. foenum-graecum only. Bold seeded mutants showed 
decreased in pod size. Seed number was decreased in each pod 
but the seeds were comparatively bolder than normal seeds. 
Small seeded mutants showed normal pod size but plant height 
was reduced and flowering was delayed. The seeds were small, 
compressed and flat. The frequency of bold seeded mutants was 
11.36% and small seeded mu tan t s was 4.54% of the total 
morphological mutations. 
4.2.7 Quantitative characters 
All quantitative traits studied in Mj were also evaluated in 
M2 to a s s e s s the extent of induced var ia t ion at different 
mutagenic treatments. Attempts were also made to screen micro-
mutations for yield and yield contributing traits. 
4.2.7.1 Plant height (cm) 
The data recorded on plant height in M2 generation is 
presented in Tables 19-20. 
The mean plant height shifted towards negative direction in 
most of the mutagenic treatments. However, positive shift was 
also noticed in some lower or intermediate treatments of SA and 
MH. Significant increase in plant height was observed at 0.40% 
MH in T. foenum-graecum and 0.02% SA and 0.30% and 0.40% 
MH in T. corniculata. Plant height decreased significantly at 
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Table 20: Estimates of mean (x), shift in x and coefficient of variation (CV) for 
plant heigtit (cm) m IMj generation in Trigonella corniculata L. 
Treatment 
{%) 
Control 
SA 
0,02 
0.03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Mean! SE 
48.25 
49.06 
47.90 
45.11 
43.50 
46.10 
50.45 
48.80 
44.13 
48.00 
47.35 
43.10 
41.74 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
0.43 
1.17 
0.97 
1.03 
1.24 
0.96 
1.33 
1.33 
1,42 
1.30 
1.16 
1.13 
1.16 
Shift in X 
-
+ 0.81 
- 0.35 
- 3.14 
- 4.75 
- 2.15 
+ 2.20 
+ 0.55 
- 4.12 
- 0.25 
- 0.90 
- 5.15 
- 6.51 
CV 
(%) 
4.85 
13.05 
11.04 
12.52 
15,63 
11.39 
14.47 
14.90 
17.62 
14.81 
13.46 
14.30 
15.18 
LSD 
5% = 0.51 
1% = 0.75 
5% = 0.66 
1% = 0.96 
5% = 0,72 
1% = 1,05 
Table 20: Estimates of mean (x), shift in x and coefficient of variation (CV) for 
plant height (cm) m IVI2 generation in Trigonella corniculata L. 
Treatment 
(%) 
Control 
SA 
0.02 
0.03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Meant SE 
48.25 ± 
49.06 ± 
47.90 ± 
45.11 ± 
43,50 ± 
46.10 ± 
50.45 ± 
48.80 ± 
44.13 ± 
48.00 ± 
47.35 ± 
43.10 ± 
41.74 ± 
0.43 
1.17 
0.97 
1.03 
1.24 
0.96 
1.33 
1.33 
1,42 
1.30 
1.16 
1.13 
1.16 
Shift in X 
-
+ 0.81 
- 0.35 
- 3.14 
- 4.75 
- 2.15 
+ 2.20 
+ 0.55 
- 4.12 
- 0.25 
- 0.90 
- 5.15 
- 6.51 
CV 
(%) 
4.85 
13.05 
11.04 
12.52 
15,63 
11,39 
14,47 
14,90 
17.62 
14.81 
13.46 
14.30 
15.18 
LSD 
5% = 0.51 
1% = 0.75 
5% = 0.66 
1% = 0.96 
5% = 0.72 
1% = 1,05 
higher treatments of al l .mutagens in both the species. Among 
the two species, maximum decrease in mean plant height was 
noticed in T. foenum-graecum. Moreover, DMS proved to be most 
effective mutagen followed by SA in reducing plant height in 
both the species. 
Coefficient of va r ia t ion (CV) for p lan t he ight was 
considerably high in the treated population as compared to 
control. However, a dose dependent increase in CV was not 
observed for most of the treatments with a few exceptions. In T. 
foenum-graecum, the highest CV for the three mutagens were 
recorded at 0.30% MH (18.32%), 0.20% DMS (16.26%) and 0.03% 
SA (15.13%). Similarly, in T. corniculata the highest CV was 
recorded as 17.62%, 15.63% and 15.18% for 0.50% MH, 0.05% 
SA and 0.50% DMS respectively. 
4.2.7.2 Number of primary branches per plant 
The data recorded on mean number of branches per plant 
is presented in Tables 21-22. 
Mean shifted in both positive and negative di rect ion. 
Significant positive shift in mean number of branches per plant 
was observed in lower t r e a t m e n t s of SA and DMS and 
intermediate treatments of MH in both the species. Whereas, a 
significant decrease in mean number of branches was observed 
at higher treatments of all mutagens. DMS treatments proved to 
be most effective in this regard. 
The coefficient of variation (CV) was high in all mutagenic 
treatments as compareJL to control. The highest CV in different 
mutagens was recorded at 0.30% DMS (43.80%), 0.40% MH 
Table 21: Estimates of mean (x), shift in x and coefficient of variation (CV) for number 
of branches per plant in M2 generation in Trigonella foenum-graecum L, 
Treatment 
{%) 
Control 
SA 
0.02 
0.03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Mean± SE 
4.20 ± 0.17 
5.60 ± 0.36 
4.83 ± 0.34 
3.53 ± 0.22 
2.90 ± 0.18 
4.10 ± 0.28 
5.33 ± 0.37 
4.97 ± 0,38 
3.33 ± 0.23 
4.70 ± 0.36 
5.30 ± 0,42 
3.40 ± 0,22 
2.87 ± 0,20 
Shift in X 
-
+ 1,40 
+ 0.63 
- 0.67 
- 1.30 
- 0.10 
+ 1.13 
+ 0.77 
- 0.87 
+ 0.50 
+ 1.10 
- 0.80 
- 1.33 
CV 
{%) 
22.02 
35.59 
38.09 
33.87 
34.30 
36.99 
37,95 
41,43 
38,09 
41.87 
43.80 
35.90 
37.43 
LSD 
5% = 0,31 
1% = 0,45 
5% = 0,16 
1% = 0,24 
5% -- 0,25 
1% = 0,37 
Table 22: Estimates of mean (x), shift in x and coefficient of variation (CV) for 
number of branches per plant in Mg generation in Trigonella corniculata L, 
Treatment 
(%) 
Control 
SA 
0.02 
0.03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Meant SE 
6.50 
7.47 
6.97 
6.03 
5.20 
6.20 
6.77 
8.20 
5.83 
7.60 
6.63 
5.70 
4.80 
± 0.15 
± 0,26 
± 0.27 
± 0.26 
± 0.26 
± 0.21 
± 0.25 
± 0.29 
± 0.26 
± 0.28 
± 0.22 
± 0.24 
± 0.21 
Shift in X 
-
-H 0,97 
+ 0.47 
- 0.47 
- 1.30 
- 0.30 
+ 0.27 
+ 1.70 
- 0.67 
+ 1.10 
+ 0.13 
- 0.80 
- 1.70 
CV 
(%) 
12.62 
18.84 
21,47 
23,65 
26.91 
18.66 
20,41 
19.32 
24.29 
20.03 
18.36 
22,64 
24,10 
LSD 
5% = 0,34 
1% = 0.49 
5% = 0.36 
1% = 0,52 
5% = 1.00 
1% = 1,45 
(41.43%) and 0.03% SA .(38.09%) in T. foenum-graecum. Similarly 
in T. corniculata the highest CV was recorded at 0.05% SA 
(26.91%), 0.50% MH (24.29%) and 0.50% DMS (24.10%). No dose 
dependent increase in CV was observed. 
4.2.7.3 Number of pods per plant 
The data recorded on mean number of pods per plant in 
M2 generation in T. foenum-graecum is presented in Table 23. 
It is clearly evident from the table tha t a considerable 
positive and negative shifts in the mean values were recorded in 
all mutagenic treatments as compared to control. A significant 
positive shift was observed at lower treatments of SA and DMS 
and intermediate t rea tments of MH. Whereas, a significant 
negative shift was recorded in higher t rea tments of all the 
mutagens. The highest positive and negative shifts were recorded 
at 0.02% SA and 0.50% DMS respectively. 
Coefficient of var ia t ion (CV) was increased in all the 
mutagenic treatments. Among the three mutagens, highest CV 
was recorded at 0.30% DMS (29.55%) followed by 0.03% SA 
(26.95%). A comparative look in different mutagens revealed that 
DMS induced maximum variability followed by SA and MH. No 
dose dependent increase in CV was observed for most of the 
treatments but with a few exceptions. 
4.2.7.4 Number of clusters per plant 
The data recorded on mean number of clusters per plant in 
M2 generation in T. corniculata is presented in Table 24. 
Mean shifted significantly in positive as well as negative 
direction is almost all mutagenic treatments except at 0.30% MH 
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Table 23: Estimates of mean (x), shift in x and coefficient of variation (CV) for number 
of pods per piant in M2 generation in Trigonella foenum-gracuum I. 
Treatment 
{%) 
Control 
SA 
0.02 
0.03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Meant SE 
12.40 
17.00 
14.20 
11.10 
9.50 
11.70 
15.00 
13.40 
9.20 
15.27 
14.43 
10.90 
8.80 
± 0.19 
± 0.73 
± 0.70 
± 0.44 
± 0.40 
± 0.30 
± 0.59 
± 0.57 
± 0.38 
± 0.68 
± 0.78 
± 0.51 
± 0.42 
Shift In X 
_ 
+ 4.60 
+ 1.80 
- 1.30 
- 2.90 
- 0.70 
+ 2.60 
+ 1.00 
- 3.20 
+ 2,87 
+ 2.03 
- 1.50 
- 3.60 
CV 
(%) 
8.37 
25.53 
26.95 
21.47 
23.25 
14.22 
21.51 
23.40 
22.91 
24.56 
29.55 
25.65 
25.91 
LSD 
5% = 0.24 
1% = 0.34 
5% = 0.31 
1% = 0.45 
5% = 0.22 
1% = 0.31 
Table 24: Estimates of mean (x), shift in x and coefficient of variation (CV) for 
number of clusters per plant in M2 generation in Trigonella corniculata L. 
Treatment 
(%) 
Control 
SA 
0.02 
0.03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0,50 
DMS 
0.20 
0.30 
0.40 
0.50 
Meant SE 
65.07 
68.30 
74.50 
59.40 
52.23 
63.70 
64.27 
70.20 
58.70 
71.67 
66.60 
56.30 
50.40 
± 0.35 
± 1.53 
± 1.90 
± 1.53 
± 0.80 
± 1.32 
± 2.27 
± 1.88 
± 1.23 
± 2.20 
± 2.06 
± 1.72 
± 1.47 
Shift in X 
-
+ 3.23 
+ 9.43 
- 5.67 
- 12.84 
- 1.37 
- 0.80 
-.- 5.13 
- 6.37 
+ 6.60 
+ 1.53 
- 8.77 
- 14.67 
CV 
(%) 
2.96 
12.27 
13.99 
14.12 
13.05 
11.39 
19.36 
14.63 
11.49 
16.84 
16.94 
16.70 
15.97 
LSD 
5% = 0.98 
1% = 1.42 
5% = 0.90 
1% = 1.31 
5% = 0.99 
1% = 1.43 
Table 25: Estimates of mean (x), shift in x and coefficient of variation (CV) for 
number of pods per cluster in M2 generation in Trigonella corniculata L. 
Treatment 
(%) 
Control 
SA 
0.02 
0.03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Mean± SE 
20.73 ± 0.17 
22.20 ± 0.61 
20.90 ± 0.71 
18.30 ± 0.56 
17.10 ± 0.64 
20.70 ± 0.25 
21.10 ± 0.60 
20.67 ± 0.66 
18.20 ± 0.55 
21.50 ± 0.74 
20.30 ± 0.65 
17.63 ± 0.60 
16.27 ± 0,58 
Shift in X 
-
+ 1.47 
+ 0.17 
- 2.43 
- 3.63 
- 0.03 
+ 0.37 
- 0.06 
- 2.53 
+ 0.77 
- 0.43 
- 3.10 
- 4.46 
CV 
(%) 
4.38 
14.98 
18.57 
16.74 
20.57 
6.61 
15,56 
17.53 
16.48 
18.87 
17,60 
18.63 
19,63 
LSD 
5% = 0.14 
1% = 0,20 
5% = 0.33 
1% = 0,47 
5% = 0,60 
1% = 0,87 
where the negative shift, was insignificant. A significant positive 
shift was noticed among the lower and intermediate treatment of 
SA, DMS and MH respectively. The highest positive shift was 
recorded at 0.03% SA whereas, the highest negative shift was 
observed at 0.50% DMS. 
Coefficient of variation (CV) increased over control in all the 
mutagenic treatments. DMS induced the maximum variability 
among three different mutagens. Among different mutagens, the 
highest CV was recorded as 19.36%, 16.94% and 14.12% at 
0.30% MH, 0.30% DMS and 0.04% SA respectively. 
4.2.7.5 Number of pods per cluster 
The data recorded on mean number of pods per cluster in 
M2 generation in T. corniculata is presented in Table 25. 
The average number of pods per cluster shifted towards 
negative direction in most of the mutagenic treatments. However, 
the significant positive shift was also noticed in lower and 
intermediate t reatments of SA, DMS and MH respectively. A 
significant negative shift was observed in higher treatments of all 
the mutagen treated population with a few exceptions. The 
highest positive and negative shifts were recorded at 0.02% SA 
and 0.50% DMS respectively. 
A considerable amount of a variability was induced in all 
the mutagenic t rea tments . The highest CV was recorded in 
0.05% SA (20.57%) followed by 0.50% DMS (19.63%) 
4.2.7.6 Pod length (cm) 
The data recorded on mean pod length in M2 generation is 
presented in Tables 26-27. 
Table 26: Estimates of mean(x), shift inx and coefficient of variation (CV) for pod 
length(cm) in M2 generation in Trigonella foenum-graecum L. 
Treatment 
(%) 
Control 
SA 
0.02 
0.03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Meant 
7.90 
8.10 
7.80 
7.23 
6.57 
7.81 
8.30 
7.75 
7.38 
8.15 
8.00 
7.32 
6.90 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
SE 
0.13 
0.25 
0.32 
0.34 
0.22 
0,20 
0.32 
0.33 
0.34 
0.30 
0.32 
0.30 
0.27 
Shift in X 
-
-H 0.20 
- 0.10 
- 0.67 
- 1.33 
- 0.09 
+ 0.40 
- 0.15 
- 0.52 
+ 0.25 
+ 0.10 
- 0.58 
- 1.00 
CV 
(%) 
8.85 
17.07 
22.66 
25.52 
18.32 
14.10 
21.41 
23.05 
25.38 
20.30 
22.16 
22.82 
21.06 
LSD 
5% = 0.22 
1% = 0.33 
5% = 0.06 
1% = 0.09 
5% = 0,06 
1% = 0,08 
Table 27: Estimates of mean (x), shift in x and coefficient of variation (CV) for 
pod length (cm) in M2 generation in Trigonella corniculata L. 
Treatment 
{%) 
Control • 
SA 
0.02 
0.03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Meant SE 
1.95 ± 0,03 
1.97 ± 0,07 
2.02 ± 0,08 
1.88 ± 0.06 
1.67 ± 0.06 
1.95 ± 0,04 
1.87 ± 0.07 
1.83 ± 0.07 
1.70 ± 0.05 
1.92 ± 0.09 
2.04 ± 0.12 
1.73 ± 0.09 
1.60 ± 0.06 
Shift in X 
-
+ 0.02 
+ 0.07 
- 0.07 
- 0.28 
-
- 0.08 
- 0.12 
- 0.25 
- 0.03 
+ 0.09 
- 0.22 
- 0.35 
CV 
{%) 
7.82 
18.09 
21.54 
18.76 
20.21 
10.23 
19.47 
21,77 
17.48 
18.27 
22.91 
21.10 
21.53 
LSD 
5% = 0.06 
1% = 0.09 
5% = 0.06 
1% = 0,09 
5% = 0,05 
1% = 0.07 
Mean pod length shifted significantly in positive as well as 
in negat ive direct ion in a lmost all the mutagen t rea ted 
population with a few exceptions. A significant positive shift was 
recorded at 0.30% MH, 0.20% and 0.30% DMS in T. foenum-
graecum and 0.03% SA and 0,30% DMS in T. corniculata. Pod 
length decreased significantly at higher t r e a t m e n t s of all 
mutagens in both the species. 
The CV was quite high in all the mutagen t rea ted 
population as compared to control. In T. foenum-graecum, highest 
CV was recorded at 0 .04% SA (25.52%) whereas in T. 
corniculata, 0.30% DMS induced maximum variability (22.91%). 
4.2.7.7 Number of seeds per pod 
Data recorded on mean number of seeds per pod in M2 
generation is presented in Tables 28-29. 
Mean number of seeds per pod shifted in both positive and 
negative direction in the mutagen treated population of both the 
species. A significant increase in mean value was recorded at 
0.20% DMS in T. foenum-graecum and 0.02%, 0.03% SA and 
0.30% DMS in T. corniculata. The higher t rea tments of all 
mutagens significantly reduced the average mean with a few 
exceptions. 
A considerable amount of variability was induced in all the 
mutagen treated populations in both the species. Among the 
three mutagens, highest CV was recorded at 0.05% SA (29.16%) 
and 0.30% DMS (30.25%) in T. corniculata and T. foenum-
graecum respectively. 
Table 28: Estimates of mean (x), shift in x and coefficient of variation (CV) for number 
of seeds per pod in M2 generation in Trigonella foenum-graecum L. 
Treatment 
{%) 
Control 
SA 
0.02 
0.03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Meant SE 
13.27 
13.40 
13.37 
12.90 
12.34 
13.30 
13.50 
13.17 
11.70 
13.80 
13.47 
12.57 
12.03 
± 0.24 
± 0,56 
± 0.58 
± 0.63 
± 0.50 
± 0.33 
± 0.61 
± 0.53 
± 0.51 
± 0,71 
± 0.74 
± 0,56 
± 0,55 
Shift in X 
-
+ 0.13 
+ 0.10 
- 0.37 
- 0.93 
+ 0.03 
+ 0,23 
- 0,10 
- 1,57 
+ 0.53 
+ 0.20 
- 0.70 
- 1.24 
CV 
(%) 
10.07 
22.98 
23.85 
26.57 
22.07 
13.55 
24,59 
22,21 
23,77 
28.06 
30.25 
24.34 
25.13 
LSD 
5% = 0.62 
1% = 0.91 
5%=0,61 
1%=0,88 
5% = 0.50 
1% = 0.73 
Table 29: Estimates of mean (x), shift in x and coefficient of variation (CV) for 
number of seeds per pod in M2 generation in Trigonella corniculata L. 
Treatment 
(%) 
Control 
SA 
0,02 
0,03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Mean± SE 
5.33 ± 0.12 
5.87 ± 0.28 
6.03 ± 0.26 
5.23 ± 0.24 
4.80 ± 0.26 
5.57±0.15 
5.27±0.26 
5.13±0.24 
5.03±0.24 
5.27 ± 0.26 
6.23 ± 0.29 
5.20 ± 0.19 
4.60 ± 0.23 
Shift in X 
-
+ 0.54 
+ 0.70 
- 0.10 
- 0.53 
+ 0.24 
- 0.06 
- 0.20 
- 0.30 
- 0.06 
+ 0.90 
- 0.13 
- 0.73 
CV 
(%) 
12.40 
25.98 
23,65 
24,95 
29.16 
14.67 
27.26 
25.46 
25.83 
26,80 
25,53 
20,45 
27,73 
LSD 
5% = 0.36 
1% = 0.52 
5%=0,29 
1%=0,42 
5% = 0,44 
1% = 0.64 
4.2.7.8 1000 seed weight (g) 
The data recorded for 1000 seed weight (g) in M2 generation 
is shown in tables 30-31. 
Mean shifted significantly in positive as well as negative 
direct ion in most of the mutagenic t r ea tmen t s with a few 
exceptions. Maximum 1000 seed weight was recorded at 0.02% 
SA in T. foenum-graecum and 0.20% MH in T.corniculata. 
However, a s ignif icant reduc t ion was noticed in all the 
intermediate and higher treatments of T. foenum-graecum except 
0.40% MH where the mean was not altered significantly to 
negative direction. In T. corniculata, a significant negative shift 
was recorded at 0.50% DMS only. 
A substant ia l amount of variability was induced by the 
mutagenic treatments for this trait. Among different mutagens, 
DMS induced maximum variability followed by MH in T. foenum-
graecum and SA in T. corniculata. The highest CV was recorded 
at 0.40% DMS (13.24%) and 0.40% MH (15.47%) in T. foenum-
graecum and T. corniculata respectively. 
4.3.7.9 Total yield per plant (g) 
The data recorded for total yield per plant in M2 generation 
is presented in Tables 32-33. 
The mean shifted in positive as well as in negative direction 
in the treated populations. A significant increase in total yield 
per plant was noticed in the lower treatments of all the three 
mutagens with a few exceptions. The most effective treatments 
in this regard were 0.20% DMS followed by 0.03% SA in T. 
foenum-graecum and 0.30% MH in T. corniculata. Similarly, 0.50% 
70 
Table 30: Estimates of mean (x), shift in x and coefficient of variation (CV) for 1000 
seed weight (g) in l\/l2 generation in Trigonella foenum-graecum L. 
Treatment 
(%) 
Control 
SA 
0.02 
0.03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Meant SE 
7.61 ± 0.03 
7.82 ±0.12 
7.58 ± 0.11 
7.47 ± 0.14 
7.20 ± 0.10 
7.63 ± 0.06 
7.80 ± 0.12 
7.56 ±0.13 
6.92 ± 0.17 
7.70 ± 0.14 
7.78 ± 0.14 
6.90 ± 0.17 
7.35 ± 0.11 
Shift in X 
-
+ 0.21 
- 0.03 
- 0.14 
- 0.41 
+ 0.02 
+ 0.19 
- 0.05 
- 0.69 
+ 0.09 
+ 0.17 
- 0.71 
- 0.26 
CV 
(%) 
2.10 
8.25 
7.95 
10.16 
7.33 
4.66 
8.48 
9.38 
13.20 
9.77 
9.69 
13.24 
8.27 
LSD 
5% = 0.07 
1% = 0.09 
5% = 0.07 
1% = 0.10 
5% = 0,06 
1% = 0,09 
Table 31: Estimates of mean (x), shift in x and coefficient of variation (CV) for 
1000 seed weigtit (g) in Mj generation in Trigonella corniculata L. 
Treatment 
{%) 
Control 
SA 
0.02 
0.03 
0.04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Meani SE 
1.57 ± 0.01 
1.67 ± 0.04 
1.64 ± 0.04 
1.53 ± 0.04 
1.55 ± 0.04 
1.69 ± 0.02 
1.61 ± 0.04 
1.56 ± 0.04 
1.53 ± 0.04 
1.65 ± 0,04 
1.60 ± 0.04 
1.56 ± 0.04 
1.48 ± 0,04 
Shift In X 
-
+ 0.10 
+ 0.07 
- 0.04 
- 0.02 
+ 0,12 
* 0,04 
- 0,01 
- 0,04 
+ 0,08 
+ 0,03 
- 0,01 
- 0,09 
CV 
(%) 
5,11 
11,46 
12,45 
14,13 
14,76 
7,01 
13,00 
15,47 
15,00 
14,32 
14,77 
13,04 
15,05 
LSD 
5% = 0,07 
1% = 0.09 
5% = 0,08 
1% = 0.11 
5% = 0.06 
1% = 0.09 
Table 32: Estimates of mean (x), shift in x and coefficient of variation (CV) for total 
yield per plant (g) in M2 generation in Trigonella foenum-graecum L. 
Treatment 
(%) 
Control 
SA 
0.02 
0.03 
0,04 
0.05 
MH 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Meant SE 
1.24 
1.31 
1.37 
1,21 
1.14 
1.27 
1.36 
1.21 
1.12 
1.38 
1.28 
1.14 
1.02 
± 0.01 
± 0.04 
± 0.05 
± 0.03 
± 0.03 
± 0.01 
± 0.04 
± 0.04 
± 0.03 
± 0.04 
± 0.03 
± 0.03 
± 0.03 
Shift in X 
-
+ 0.07 
+ 0.13 
- 0.03 
- 0.10 
+ 0.03 
+ 0.12 
- 0.03 
- 0.12 
+ 0.14 
+ 0.04 
- 0.10 
- 0.22 
CV 
(%) 
3.54 
15.71 
17.84 
13,66 
15.60 
6.09 
17.98 
16.94 
14.58 
17.83 
14.46 
14.40 
16.27 
LSD 
5% = 0.03 
1% = 0.05 
5% = 0.05 
1% = 0.07 
5% = 0,06 
1% = 0.08 
Table 33: Estimates of mean (x), shift in x and coefficient of variation (CV) for total 
total yield per plant(g) in M2 generation in Trigonella comiculata L. 
Treatment 
{%) 
Control 
SA 
0.02 
0.03 
0.04 
0.05 
MHs 
0.20 
0.30 
0.40 
0.50 
DMS 
0.20 
0.30 
0.40 
0.50 
Meant SE 
10.43 ± 0.07 
10.62 ± 0.18 
10.47 ± 0.17 
10.05 ± 0.18 
9.80 ± 0.19 
10.50 ± 0.10 
10.65 ± 0.18 
10.42 ± 0.18 
10.12 ± 0,16 
10.74 ± 0.18 
10.50 ± 0.18 
10.04 ± 0.19 
9.70 ± 0.15 
Shift In X 
-
+ 0.19 
+ 0.04 
- 0.38 
- 0.63 
+ 0.07 
+ 0.22 
- 0.01 
- 0.31 
+ 0.31 
+ 0.07 
- 0.39 
- 0,73 
CV 
(%) 
3.74 
9.43 
8.91 
9.59 
10.41 
5.33 
9.22 
9.70 
8.57 
9.12 
9.38 
10.31 
8.24 
LSD 
5% = 0.14 
1% = 0.20 
5% = 0.07 
1% = 1,06 
5% = 0,04 
1% = 0,06 
DMS followed by 0.50% MH in T. foenum-graecum and 0.05% SA 
in T. corniculata, proved to be most effective in reducing the 
plant yield significantly. 
A considerable amount of variability was induced by the 
mutagenic treatments. In T. foenum-graecum, highest CV was 
recorded at 0.30% MH (17.98%) whereas in T. corniculata the 
highest CV (10.41%) was recorded at 0.05% SA. DMS and SA 
induced comparatively more variability than MH in both the 
species. 
It is apparent that for almost all quantitative characters 
studied in the present investigation, lower treatment of DMS and 
SA and intermediate treatments of MH showed stimulatory effects 
whereas, higher treatments reduced the mean values. Moreover, 
DMS and SA induced greater variability than MH in both the 
species. 
4.3 Studies in M3 generation 
Two treatments of each mutagen were selected for evaluation 
in M3 generation in both the species and the data on different 
quantitative characters were subjected to statistical analysis viz. 
phenotypic and genotypic coefficient of variation, heritability (in 
broad sense) and genetic advance as percentage of mean. 
4.3.1 Plant height (cm) 
The da t a on mean p lan t height in M3 genera t ion is 
presented in Tables 34-35. 
Mean plant height shifted in positive as well as negative 
direction. A significant positive shift in mean plant height was 
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observed at 0.40% MH in T. foenum-graecum and 0.02% SA and 
0.30% MH in T. corniculata. A significant decrease in plant 
height was observed in case of DMS treatments in both the 
species. 
Phenotypic (PCV) and genotypic (GCV) coefficient of variation 
increased in the treated populations as compared to control. In 
T. foenum-graecum the highest PCV (10.16%) and GCV (8.71%) 
were recorded at 0.20% DMS. Similarly, in T. corniculata the 
highest PCV (10.95%) and GCV (9.21%) were recorded at 0.20% 
DMS. 
Heritability and genetic advance also increased considerably 
in the treated populaitons as compared to control. The highest 
heritability was recorded at 0.02%SA (81.85%) and 0.30% MH 
(82.30%) in T. foenum-graecum and T. corniculata respectively. 
Whereas, the highest genetic advance was recorded as 19.72% 
and 2 0 . 4 6 % at 0 .20% DMS in T. foenum-graecum and T. 
corniculata respectively. 
4.3.2 Number of branches per plant 
The data recorded on mean number of branches per plant 
in M3 generation is shown in Tables 36-37. 
A significant increase in mean number of branches per 
plant was observed in all mutagenic t reatments in both the 
species. Among different t reatments 0.02% SA in T. foenum-
graecum and 0.40% MH in T. corniculata proved to be most 
effective in increasing the mean number of branches per plant. 
A considerable increase in PCV and GCV was observed in 
the treated populations. Among the three mutagens, highest PCV 
72 
CO 
<D 
JZ o c 
CD 
E 
C 
< 
O c 
CO 
> 
• o 
CQ 
"5 c 
CD 
o> 
T3 
C 
CO 
X ) 
CQ 
(D 
.ii 
CO 
> 
o 
-^^  c: 0) 
o 
3= CD 
O 
O 
I X 
O ) 
1 
e J 
c 
<\1 
n H i 
CO 
(U 
c 
o O ) 
p 
— c 
- CD 
CD 
ca — 
<D C 
E ^ 
to (D 
LU ca. 
( D 
CO 
IX 
I 
3 
i i : 
CX3 
C O 
cu 
II 
C M 
C O 
C 3 
II 
CD 
o 
II 
to 
C O 
cz> 
II 
C35 
C O 
CD 
II 
CD 
C5 
II 
^ C\J 
C\J C O 
T-^ C O 
^ C O 
C O m 
CX3 I T ) 
CXD ^ 
CO CO 
> ^ 
> ^ 
IX 
(O 
l U 
CO 
•H 
ra 
a> 
C M 
C O 
CO o 
r«. C35 
T-^ cr> 
+ + 
C O C D 
^1- O 
+ + 
^ 1 -
<z> 
+1 
C M 
CO T— 
CO CO 
CD CD 
•H +1 
C D h ^ 
C D T -
CO CD 
CO CO 
<=) C D 
+1 +1 
C O 1 ^ 
r ^ C M 
a> I ^  n 
o 
CO UO 
CM CO 
CD CD 
CD CD 
LO l O 
CD O 
CO • ^ 
C D C D 
CO t— 
1 ^ 1 ^ 
T-^ C M 
CM 
o 
C O 
C30 
C O 
C O 
C M 
C O 
C D 
C M 
to C O 
c» 
m 
1 ^ 
CO 
C D 
CX5 
c» 
CD 
l O 
to 
h-
c» 
oo 
oo 
to 
to 
CO 
^ 
h~ CD 
OO CX3 
l O 
C3> 
cx} 
CO 
CM 
CD 
CO 
a> 
1^ 
l O 
CM 
CM 
CM 
CM 
•<a-
c=> 
C M 
CO CO 
r>- l o 
C D T -^ 
+ + 
to •«— 
CO ^ 
<=> CD 
+1 -H 
O C 3 
CD OO 
ir> ir> 
CD CD 
CM CO 
C D C D 
O 
o 
< s o 
> 5 
° o 
" o 
° t 
II II 
55 
QL CD 
M 
<D 
JC 
o 
c 
CO 
0) 
E 
3 
C 
< 
0) 
o 
c 
TO 
> 
TO 
<D 
C (D 
05 
• o 
c 
TO 
TO 
(D 
C 
•B-> 
W CD 
21 
C O 
^ O 
15 (D 0) 
O C 
O O 
IX" £ 
- TO 
I"? © 
— ' C 
<- ® 
TO 
2 « 
E 2 
o .b 
w ^ 
•js ™ 
c Q-
LU CL 
CO 
O 
X 
I 
3 
• ^ 
•^ 
o 
II 
o 
II 
^ 
o^ 
d 
II 
t o 
CD 
II 
o 
o 
II 
CO 
o 
II 
oo 
CD 
eg 
cr> 
CO 
CO 
CO 
o 
CO 
od 
CO 
O) 
CT) 
oo 
o oo 
CO 
> ^ 
> ^ 
a. C:. 
v> 
-H 
n 
a> 
( 0 
0 ) 
LO 
CO 
CM 
cvj oo 
T - CVJ 
CD CD 
CM CD 
CM T -
•"Sj- t ^ 
CO OO CO 
C 3 
O 
+ 
CD 
+ 
CM 
+ 
CD 
O 
+1 
CO 
CD 
CD 
CM CM 
d <Z> 
-H -H 
r«~ cz> 
<Ji lO 
i>-^ 1 ^ 
esi CO 
o d 
lo oo 
CM CM 
CD 
+1 
cz> 
+1 
CD CO 
CO CD 
h-! o d 
CD CD 
CO >«*• 
CD CD 
oo ^ CO 
^ i n 
o d CO 
CD I ^ 
CD ^ 
T-^  o d 
1^ CD 
oo m 
ID CD 
^ CO 
o o CD 
CM 
oi 
CO CO 
•^ • « -
t o •«— 
T - CO 
r - ^ •<a-
o > CO 
CO m 
<j> r>-
en t^ 
o Tj-
CM CM 
ID 
T— CD 
+ + 
0 5 O 
CN CO 
CD 
+1 
CO 
oo i<-
o o 
CM CO 
CD CD 
o 
o 
S 
.2 fe 
> 5 
c gj 
"o 
o o 
o 
'Q . 
> H 
"o 
c 0) JC 
Q. 
.4—« 
0) 
o £ 
(U 
o o 
o 
o. 
>. 
"o 
c 
II II 
S5 
Q . CD 
(23.48%) was recorded in 0 .03% SA but the highest GCV 
(18.74%) was recorded in 0.20% DMS in T. foenum-graecum. 
Whereas in T. corniculata both highest PCV (24.89%) and GCV 
(21.34%) were recorded in 0.03% SA. 
The estimates of heritability and genetic advance were of 
higher magnitude in the treated population as compared to 
control . Maximum her i tabi l i ty was recorded in 0.40% MH 
(83.04%) and 0.20% DMS (84.58%) in T. foenum-graecum and T. 
corniculata respectively. Whereas, the highest genetic advance was 
recorded in 0.30% DMS (42.71%) and 0.03% SA (48.33%) in T. 
foenum-graecum and T. corniculata respectively. 
4.3.3 Numbers of pods per plant 
The data recorded on number of pods per plant in M3 
generation in T. foenum-graecum is presented in Table 38. 
All the selected treatments showed signficant improvement in 
the mean number of pods per plant. The mean pods per plant 
increased further in M3 than in Mj generation. The maximum 
increase was noticed at 0.02% SA followed by 0.20% DMS. 
Both PCV and GCV increased in the mutagenic treatments. 
Among different treatments, the highest PCV (26.89%) and GCV 
(23.80%) were observed in 0.20% DMS. 
Heritability and genetic advance were also high in treated 
population as compared to control. The maximum heritability 
(83.14%) was observed in 0.30% DMS whereas, the maximum 
genetic advance (55.62%) was recorded in 0.20% DMS. 
73 
a. 
w 
o 
o . 
a> 
E 
c 
< 
O 
C 
> 
c 
(D 
T3 
c 
CD 
a> 
c 
o 
CO 
*c^  
<0 
> 
«^» o 
"c 
<D 
'o 
i t CD 
O 
O 
IX" 
c 
_j 
S 3 
O 
<t CO 
C 
e> 
e 3 C 
0) 
o >»i 
CO 
o D> 
CO . t 
O 
< 
o 
^ 
•«-
II 
•^ 
II 
<=> 
• « - ^ 
II 
CO 
•r-^ 
II 
CO 
cz> 
II 
• r -
II 
cx} 
oo 
CM 
a> 
eg 
1 ^ 
CO 
5-
CM 
C31 
oo 
CO 
CM 
CO 
CM 
CO 
to 
LO 
c» 
UO 
> ^ 
O 2^ 
> 
o 
OL 
g ai 
CO 
CO 
CO 
CM CN 
l O T T 
CO t o 
C » CM 
T - CM 
0 5 O 
CX3 CO 
CC> CO 
CM CM 
(O 
,^ 
^ 
c 
CO 
(D 
E 
o 
CO 
_£ 
CO 
E 
"w 
LU 
GO 
CO 
_2 
XI 
(S 
c 
o 
"cD 
ffi 
c CD 
05 
« 
2 
c 
**"• 
"c 
CO 
a. 
UJ 
(/> 
+4 
c 
<a 
a> S 
4-> 
C 
0> 
E 
4-> 
a> 
k. 
( O 
CO 
to 
CM CM 
l O CM 
( O 0 > 
CO CM 
O CM 
OO r»-
CO •^ -^  
0C3 CO 
j>^ oo 
oo 
CO 
CO 
T - CO 
T - t o 
CO CO 
CM T -
• ^ CM 
CO ai 
O CM 
oo lo 
CO i -^ 
CM CM 
d 
•H 
CD 
in 
cvi 
o 
o < 
CO 
UO 
I f ) 
+ 
•^ CO 
o 
•H 
CO 
CO 
CM 
CD 
d 
CD 
oo 
cvi 
+ 
CM 
1 ^ 
CD 
+t 
CD 
CO 
CO 
CD 
CD 
r~-
<y> 
CM 
+ 
oo l O 
CD 
-H 
h -
<D 
CO 
CD 
CD 
to 
T-^ 
+ 
a> 
m 
o 
•H 
CD 
•^ ' 
CD 
x j -
CD 
s a 
t^ 
un 
CO 
+ 
to CO 
CD 
•H 
h -
to 
CD 
CM 
CD 
CO 
•<a-
CM 
+ 
o 
to 
CD 
+1 
CO 
<3> 
CD 
CO 
CD 
c : 
o 
> 
o 
o 
CD 
O 
o 
o 
ex. 
"o 
Q_ 
II 
> 
O 
a. 
cz 
o 
CO 
CO 
> 
o 
, . 
0 ) 
o 
o 
o 
'a. 
o 
cz 
CD 
O 
M 
> 
o 
CD 
4 .3 .4 Number of clusters per plant 
The data recorded on mean number of clusters per plant in 
M3 generation in T. corniculata is presented in Table 39. 
A significant increase in mean number of clusters per plant 
was observed in all the selected treatments. Maximum number of 
clusters per plant was recorded in 0 .03% SA followed by 0.20% 
DMS and 0.40% MH. 
A cons iderab le inc rease in all the genet ic p a r a m e t e s was 
noticed among the t reated popula t ions as compared to control. 
Highest PCV (16.80%) and GCV (14.17%) were recorded in 0.03% 
SA. Whereas , highest heritabil i ty (78.80%) and genetic advance 
( 3 1 . 7 6 % ) were r e c o r d e d in 0 . 0 2 % SA a n d 0 . 2 0 % DMS 
respectively. 
4 .3 .5 Number of pods per cluster 
The da ta recorded for mean number of pods per cluster in 
M3 generation in T. corniculata is presented in Table 40. 
A c r i t i ca l a n a l y s i s of t he d a t a r evea led t h a t t he m e a n 
n u m b e r of pods per c lus te r inc reased significantly in all the 
selected t r e a t m e n t s except 0 .30% DMS. In genera l , 0 .02% SA 
was found to be most effective in increasing the average number 
of pods per cluster than rest of the t rea tments . 
Both PCV and GCV increased in the treated populat ion as 
compared to control. Highest PCV (9.79%) was recorded in 0.02% 
SA whereas , highest GCV (8.04%) was recorded in 0 .20% DMS. 
Heritabil i ty and genetic advance were also high in the t reated 
p o p u l a t i o n a s c o m p a r e d to c o n t r o l . M a x i m u m h e i r t a b i l i t y 
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(81.46%) w a s r eco rded , in 0 .40% MH w h e r e a s , the max imum 
genetic advance (18.41%) was observed in 0.20% DMS. 
4 .3 .6 Pod length (cm) 
The data recorded on pod length in M3 generation is shown 
in Tables 41-42. 
Pod lengtL shifted in positive as well as negative direction. 
A significant positive shift in mean pod length was observed at 
0 . 0 2 % SA, 0 . 3 0 % MH, 0 . 2 0 % DMS a n d 0 . 3 0 % DMS in T. 
foenum-graecum. Whereas in T. corniculata, pod length increased 
significantly in 0 . 0 3 % SA and 0 .30% DMS. Pod length shifted 
significantly in negative direction in both the selected t reatments 
of MH as well as in 0.20% DMS in T. corniculata. 
All t h e g e n e t i c p a r a m e t e r s i n c r e a s e d in t h e t r e a t e d 
popula t ion a s compared to control . The h ighes t PCV (16.50%) 
and GCV (14.44%) were recorded in 0 . 0 3 % SA in T. foenum-
graecum. Similarly in T. corniculata, h ighest PCV (15.71%) and 
GCV (13.17%) were recorded in 0.20% DMS. 
Maximum heritability was recorded in 0.20% DMS (85.19%) 
and 0.02% SA (78.18%) in T. foenum-graecum and T. corniculata 
respect ively. The h ighes t genetic advance 3 3 . 9 9 % and 2 9 . 1 7 % 
were r e c o r d e d at 0 . 2 0 % DMS in T. foenum-graecum and T. 
corniculata respectively. 
4 .3 .7 Number of seeds per pod 
The da ta recorded for the number of seeds per pod in M3 
generation is presented in Tables 43-44. 
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The mean number of seeds per pod shifted in positive 
direction in all the selected t rea tments of both the species 
except 0.40% MH in T. corniculata, where the mean was not 
shifted to any d i rec t ion . A signif icant posit ive shift was 
observed in all the selected treatments in T. foenum-graecum 
except 0.40% MH, where the shift was insignificant. Similarly in 
T. corniculata, except MH treatments and 0.20% DMS, mean 
n u m b e r of seeds per pod shifted in posit ive direct ion 
significantly in all other selected treatments. 
An increase in PCV and GCV of treated population was 
observed in both the species. In T. foenum-graecum the highest 
PCV (19.37%) and GCV (16.47%) were recorded in 0.02% SA and 
0.20% DMS respectively. Whereas in T. corniculata, the highest 
PCV (15.16%) and GCV (12.35%) were recorded at 0.30% and 
0.20% DMS respectively. 
Heritability and genetic advance were also quite high as 
compared to control in all the treated population. Maximum 
heritability was recorded as 80.70% and 73.13% at 0.30% MH in 
T. foenum-graecum and T. corniculata respectively. Similarly, the 
highest genetic advance 37.20% and 26.71% were recorded at 
0.20% DMS in T. foenum-graecum and T. corniculata respectively. 
4.3.8 1000 seed weight (g) 
The data recorded for 1000 seed weight in M3 generation is 
presented in Tables 45-46. 
The mean 1000 seed weight increased significantly in almost 
all selected treatments with a few exceptions. However, the most 
effective treatments in this regard were 0.30% DMS and 0.02% 
SA in T. foenum-graecum and T. corniculata respectively. 
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It is clearly evident from the tables that a substantial 
amount of variability was released by the mutagenic treatments 
for this trait. Among the three mutagens highest PCV (4.85%) 
and GCV (4.29%) were recorded in 0.03% SA in T. foenum-
graecum. Whereas in T. corniculata, hightest PCV (27.40%) and 
GCV (22.65%) were recorded in 0.30% DMS. 
Heritability increased as much as 86.05% (0.02% SA) 
followed by 82.92% (0.30% MH) in T. foenum-graecum. Similarly, 
in T. corniculata maximum heritability was recorded in 0.40% MH 
(87.39%) followed by 0.30% MH (84.61%). Whereas, highest 
genetic advance was observed at 0.03% SA in both the species. 
4.3.9 Total yield per plant (g) 
The data recorded on total yield per plant in M3 generation 
is presented in tables 47-48. 
A very significant increase in the average yield per plant 
was observed in most of the selected treatments in both the 
species. A comparative look in both species revealed that among 
the three mutagens 0.03% SA and 0.20% DMS were proved to 
be most effective for increased mean yield per plant in T. 
foenum-graecum and T. corniculata respectively. 
All the genetic parametes were quite high in the mutagenic 
treatments as compared to control. The highest PCV and GCV 
were recorded at 0.20% DMS in both the species. In T. foenum-
graecum maximum heritability (72.13%) and genetic advance 
(18.00%) were recorded in 0.02% SA and 0.20% DMS 
respectively. Whereas in T. corniculata, maximum heritability and 
genetic advance were recorded at 0.30%-'1^'^lT^^^&%)''and 0.20% 
DMS (23.92%) respectively. r<, ^ ^ ^ ^ \ \ 
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In general , DMS t r ea tmen t s induced maximum genetic 
variability followed by SA for most of the polygenic traits. 
4.4 Screening of high yielding mutants 
On the basis of yield performance some high yielding plants 
were isolated in M2 generation in both the species. Seeds of 
these plants were sown separately in M3 and data on various 
quanti tat ive characters of these high yielding mutan t s were 
recorded in M3 generation. The details of high yielding mutants 
isolated are presented in Table 49 and the data on different 
quantitative parameters is presented in Tables 50-51. 
Plant height increased significantly in T. foenum-graecum B 
(0 .40% MH) and T. corniculata D (0 .02% SA) whe reas , a 
significant decrease in plant height was observed for T. foenum-
graecum A (0.02% SA), T. foenum-graecum C (0.20% DMS) and T. 
corniculata E (0.20% DMS). Mean number of branches per plant 
increased significantly in almost all mutan t l ines however, 
maximum increase in n u m b e r of b r a n c h e s per p lan t was 
observed in case of T. foenum-graecum C (0.20% DMS) and T. 
corniculata E (0.20% DMS). The mean number of pods per plant 
increased significantly in almost all mutant lines of T. foenum-
graecum. Similarly, mean number of clusters per plant and pods 
per c lus te r increased in both high yielding m u t a n t s of T. 
corniculata. Maximum increase in number of pods per plant was 
observed in T. foenum-graecum C (0.20% DMS) whe reas , 
maximum number of clusters per plant and pods per cluster 
were observed in T. corniculata E (0.20% DMS) and T. corniculata 
D (0.02% SA) respectively. Pod length, although did not show 
any considerable improvement, but a significant increase in mean 
pod length was observed in case of T. foenum-graecum C. 
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Mean number of seeds per pod increased significantly in T. 
foenum-graecum B and T. foenum-graecum C whereas, rest of the 
m u t a n t l ines showed insignif icant increase in th i s t ra i t . 1000 
seed weight (g) increased significantly in almost all mutan t lines. 
The mos t effective in t h i s regard was T. foenum-graecum A 
w h e r e 1000 seed we igh t (g) w a s r e c o r d e d a s 1 0 . 5 8 (g) a s 
compared to 7.60 (g) in control . It seems tha t pods per p lan t 
and 1000 seed weight (g) played significant role in increas ing 
the average plant yield of all mutant lines. Maximum plant yield 
was observed in T. foenum-graecum C (2.40 g) and T. corniculata 
E (13.32 g) a s compared to control in T. foenum-graecum (1.23 
g) and T. corniculata (10.45 g) respectively. 
Coefficient of var ia t ion (CV) was also high for all m u t a n t 
l ines as compared to their respective controls.Maximum CV was 
recorded for number of b ranches per plant followed by number 
of seeds per pod and number of pods per p lan t in T. foenum-
graecum m u t a n t l ines w h e r e a s , in T. corniculata m u t a n t l ines 
maximum CV was recorded for number of seeds per pod followed 
by number of branches per plant and pod length. 
PLATE I 
EXPLANATION OF FIGURES 
Figs. 1-33: Different types of meiotic aber ra t ions induced by SA, 
(all X 1000) ^ , . , 
MH and DMS in T. foenum-graecum and T. corniculata. 
Fig. 1 PMC showing 8 perfect bivalents at M I (control) 
Fig. 2 PMC showing segregation of 8 chromosomes towards 
each pole at A I (control) 
Fig. 3 PMC showing formation of daughter nuclei at T I. 
Fig. 4 PMC showing fragmentation and univalent formation at 
Diakinesis. 
Figs. 5-7 PMCs showing s t ickiness or clumping of bivalents at 
M I. 
Fig. 8 PMC showing 8 bivalents and an extra chromosome. 
Fig. 9 PMC showing 1 IV + 6 II at M I. 
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PLATE II 
EXPLANATION OF FIGURES 
Fig. 10 PMC showing 7 II + 2 I at M I. 
Figs. 11-13 PMCs showing precocious separation of chromosomes 
at M I. 
Figs. 14-15 PMCs showing stickiness of chromosomes at M II. 
Figs. 16-17 PMCs showing spindle d is turbance and congregation 
of univalents in the centre. 
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PLATE III 
EXPLANATION OF FIGURES 
Fig. 18 PMC showing 7 II + 2 I at M I. 
Fig. 19 PMC showing stickiness of chromosomes at late A I. 
Fig. 20 PMC showing spindle d is turbance and unequa l (10:6) 
. separat ion of chromosomes at A I. 
Fig. 21 PMC showing separation of chromosomes at early A I 
and a lagging bivalent. 
Fig. 22 PMC showing mis-orientation at M I. 
Fig. 23 PMC showing lagging chromosome at T II. 
Fig. 24 PMC showing disturbed polarity at T II. 
Fig. 25 Two PMCs showing cytomixis at A I. 
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PLATE IV 
EXPLANATION OF FIGURES 
Fig. 26 PMC showing stickiness of bivalents at M I. 
Fig. 27 PMC showing 7 II + 2 I at M I. 
Fig. 28 PMC showing 8:8 disjunction at A I. 
Fig. 29 PMC showing movement of 7 ch romosomes t owards 
e a c h po le a n d p r e s e n c e of an i n t e r l o c k e d n o n 
disjunctional bivalent at A I. 
Fig. 30 PMC s h o w i n g m i s - o r i e n t a t i o n of c h r o m o s o m e s a t 
equatorial plate in M II. 
Fig. 31 PMC showing lagging chromosomes at A I. 
Fig. 32 PMC showing lagging chromosome at A II. 
Fig. 33 PMC showing bridge formation at A II. 
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PLATE V 
EXPLANATION OF FIGURES 
Figs. 1-17 Morphological features of mu tan t s isolated in M2 and 
M3 generation in T. foenum-graecum and T. corniculata. 
(Left-control) 
Fig. 1 Different abnormal leaf types of T. corniculata. 
Fig. 2 Broad leaf m u t a n t of T. foenum-graecum i sola ted in 
0.02% SA treatment. 
Fig. 3 Broad leaf mutan t of T. corniculata isolated in 0 .30% 
DMS. 
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PLATE VI 
EXPLANATION OF FIGURES 
Fig. 4 Tall m u t a n t of T. foenum-graecum isolated in 0 .20% 
DMS treatment . 
Fig. 5 Bold seeded and high yielding m u t a n t of T. foenum-
graecum isolated in 0.02% SA treatment. 
Fig. 6 Tall and high yielding m u t a n t of T. foenum-graecum 
isolated in 0.30% MH treatment (Left-control). 
Fig. 7 High yielding mutant of T. foenum-graecum isolated in 
0.20% DMS treatment (Left-control) 
PLATE-Vl 
PLATE VII 
EXPLANATION OF FIGURES 
Fig. 8 Tall m u t a n t of T. corniculata i solated in 0 .30% MH 
treatment (Left-control). 
Fig. 9 Bushy mu tan t of T. corniculata isolated in 0 . 0 3 % SA 
t reatment . 
Fig. 10 Control plant of T. corniculata. 
Fig. 11 High y ie ld ing m u t a n t of T. corniculata i s o l a t e d in 
0.20% DMS treatment. 
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PLATE VIII 
EXPLANATION OF FIGURES 
(Left-control) 
Fig. 12 Small podded mutant of T. foenum-graecum isolated in 
0.30% DMS treatment. 
Fig. 13 Mutant showing increase in pod length in T. foenum-
graecum isolated in 0.02% SA treatment. 
Fig. 14 Mutant showing increased number of pods per cluster 
in T. corniculata isolated in 0.20% DMS treatment . 
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PLATE IX 
EXPLANATION OF FIGURES 
(Left-control) 
Fig. 15 Bold and yellowish-brown seeded mutant of T. foenum-
graecum isolated in 0.20% DMS treatment. 
Fig. 16 Bold and fast yellow seeded m u t a n t of T. foenum-
graecum isolated in 0.02% SA treatment. 
Fig. 17 Mutan t showing small and flat s eeds of T. foenum-
graecum isolated in 0.30% MH treatment . 
PLATE-IX 
L^ka p ter'S 
DISCUSSION 
The breeding potential of a crop is to exploit the existing 
variability through selection or created variability. Mutation 
breeding technique is the best method to enlarge the genetically 
conditioned variability of a species within a short time and has 
played a significant role in the development of many crop 
varieties (Micke, 1988). 
Since the discovery of induced mutation (Muller, 1927; 
Stadler, 1928), which occurs at a higher rate than that which 
occur in nature, the breeder is no longer limited to the source 
of natural mutations. Moreover, the spontaneous and induced 
mutations do not differ qualitatively from each other and the 
whole range of natural genetic variability could be reproduced by 
means of induced mutations and by recombination following 
crossing. Any mutation could be induced that has occurred 
naturally and probably many of which have either never occurred 
or have been lost from n a t u r a l popula t ion . By applying 
appropria te selection technique such mutan t s with suitable 
agronomic traits could be retain rather than that be dependent 
upon those that have survived natural and primitive selection 
(Brock, 1971). 
As genetic variability is essential for any crop improvement 
programme, the creation and rearrangement of genetic variability 
become central base of crop breeding. Experimentally, induced 
mutations provide an important source of variability (Singh et al., 
2000). 
In the past, mutation research was limited to the study of 
macro-muta t ions . Such mutat ions are often associated with 
reduced fertility and viability due to pleiotropic effect of the 
m u t a n t gene or s i m u l t a n e o u s m u t a t i o n s in the l inked or 
associated genes. The occurrence of negative effects are the 
greatest barrier for the direct use of macro-mutations in plant 
breeding. However, the undesirable defects can be eliminated by 
transferring them in a new genetic background (Gottschalk and 
Wolf, 1983)^ 
<_ Serious a t tempts have been made in late 50's for the 
improvement of crop plants through induced polygenic variability. 
In India, 43 varieties of cereal crops, 38 of grain legumes, 23 of 
oil seeds, 13 of fibre crop and 10 of millets that were developed 
by mutagenesis , have been released/approved for cultivation 
(Kharakwal, 1996).^ 
Micro-mutations occur more frequently and generally have 
less pronounced pleiotropic effects on fertility and vitality. 
Moreover, such mutations can be easily handled and subjected 
to se lect ion in a definite d i rec t ion. Keeping in view the 
usefulness of mutation breeding, the present investigation was 
undertaken to explore the possibility of inducing desirable macro 
and micro-mutations for various agronomic traits which can be 
utilized in breeding programme. 
In the p resen t inves t iga t ion the immediate effect of 
mutagenic treatments in Mi generation were estimated in two 
species of Trigonella viz. Trigonella foenum-graecum L. and 
Trigonella corniculata L. through different biological parameters 
such as seed germination, plant survival at maturity, pollen 
sterility and meiotic aberrations in treated as well as control 
populations. Generally, all these biological parameters in Mj 
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generation and chlorophyll and viable mutation frequency in M2 
are used to assess the superiority of mutagens (Bhamburkar and 
Bhalla, 1985; Reddy et al, 1992; Thakur and Sethi, 1995; 
Kharakwal, 1998a, 1998b; Kumar and Dubey 1998c; Khan, 
1 9 9 9 ) . ^ 
'*^eed germination and plant survival decreased with the 
increase in mutagenic treatments in the present investigation. 
However, the extent of decrease differed both among different 
mutagens as well as between the two species. Number of reports 
have indicated significant reduction in germination percentage 
after mutagenic treatment (Grover and Tejpaul, 1979; Mahapatra, 
1983; Adamska et al, 1995; Pandey et al, 1996; Kumar and 
Mani, 1997; Arumugam et al, 1997; Khan et al 1998; Anis et 
al, 1999). Most of these workers have observed a dose 
dependent reduction in germination..^/ 
Several workers attempted to explain the cause responsible 
for inhibition of germination. Kalia (1984) reported that the 
inhibition of germination in chemical treatments may be due to 
damage to the enzyme system involved in repair mechanism or 
due to the production of toxic substances in the cell. Griffith 
and J o h n s o n (1962) and Srivastava (1979) considered the 
reduction in germination percentage to be due to weakening and 
disturbances of growth processes./ ' ' 
As a result of mutagenic treatment, plant survival decreased 
appreciably with increasing dose of mutagens in both the species 
of Trigonella. Dose dependent reduction in plant survival was 
also reported by Chekalin (1968); Bhadra (1982) and Siddiq and 
Swaminathan (1968). Decrease in seedling survival may be 
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attributed to a series of events occurring at the cellular level 
which affect the macromolecules and bring about a physiological 
imbalance in the cell as a consequence of exposure to chemical 
mutagens. However, more lethality at higher doses of chemical 
mutagen may be because of physiological toxicity of the mutagen 
or production of toxic intermediate subs tances in metabolic 
pa thways due to blockage or muta t ion (Waghmare, 1993). 
Reduction in survival could also be due to inhibition of enzymes 
or growth subs tances or inability of cells to utilize growth 
substances (Riley, 1 9 5 4 ) ^ 
In the present study varying degree of pollen sterility was 
induced in all the mutagenic treatments in both the species, 
although, some 1-2% pollen sterility was also observed in the 
control plants. Also, the magnitude of sterility was considerably 
high and increased with the increase in mutagenic 
concent ra t ions . Similar repor ts have been made earlier by 
Ganguli and Bhaduri (1980), Prasad and Das (1980b), Bhadra 
(1982), Nadarajan et al. (1983) and Kumar and Dubey (1994, 
1998a, 1998b). 
The high sterility observed in the treated populations may 
be attributed to the vast array of meiotic aberrations that were 
induced by the chemical mutagens leading to aberrant pollen 
mother cells and ultimately in the inactivation of pollen grains. 
This is in agreement with many workers (Rana and 
Swaminathan, 1964; Sinha and Godward, 1972a; Ramanna, 
1974). 
Among the three mutagens DMS proved to be most effective 
in inducing pollen sterility. Failure of homologous pairing during 
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meiosis could be the main cause of high pollen sterility. Sterility 
may also be caused due to the physiological damage produced 
by the hydrolytic products of the alkylating chemicals (Kumar 
and Mani, 1997). Gaul (1970) has suggested t ha t the 
chromosomal aberrations are probably the major effect of all 
mutagenically induced pollen sterility. The actual reason of 
sterility caused by these chemical mutagens may be a gene 
mutation or more probably "invisible deficiencies". 
. Studies on some biological parameters viz. germination, 
survival and sterility revealed that much of the inhibitory effects 
were reduced in Mj generation, although the higher treatments 
of all mutagens still re ta ined the adverse effects, such a 
recovery mechanism in M2 generation has also been reported by 
different workers (Katiyar, 1978; Jayabalan and Rao, 1987a; 
Subba Rao, 1988). ^ 
For almost all biological parameters, Trigonella corniculata 
showed comparatively more biological damage than Trigonella 
foenum-graecum, indicating its greater sensitivity to the chemical 
mutagens . Similar varietal sensitivity has been reported in 
Lathyrus sativus (Nerkar, 1976), microsperma lentil (Sharma and 
Sharma, 1981), groundnut (Venkatachalam and Jayabalan, 1995) 
and in black gram (Khan, 1999). It is concluded that varieties 
with a large assortment of recessive characters show greater 
sensitivity than varieties with dominant characters (Gelin et al., 
1958; Blixt, 1970). 
Mutations can be beneficially utilized for tailoring better 
varieties of crop plants. But in general, ionizing radiations and 
chemical mu tagens effects a wide range of chromosomal 
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alterations resulting into abnormal behaviour during meiosis, 
leading to various degree of sterility. Further, the cytological 
abnormalities during meiosis has also been regarded as one of 
the dependable parameters for estimating mutagenic sensitivity of 
a species (Dhamyanthi and Reddy, 2000). 
Cytogenet ic s tud ie s are also impor tan t for ob ta in ing 
information regarding the role and effect of various mutagens 
and elucidating the response of various genotypes to a particular 
mu tagen (Reddy and Annadura i , 1992). In th i s context , 
cytological investigations appear rewarding as they deal with the 
primary genetic material, the chromosome and more appropriately 
the DNA which, controls the phenotypes. The best approach 
would be to consider the chromosomes as the source of genetic 
informat ions necessary for the development of phenotypes 
(Katiyar, 1 9 7 8 ) ^ 
The pollen mother cells undergoing meiosis attain this stage 
after many mitotic cycles. At the same time recovery mechanism 
can start operating in the elimination of lethal and sub-lethals 
through natural selection right from the initiation of germination 
following mutagenic treatment (Sinha and Godward, 1969). Yet 
some aberrations persist and affect the viability of gametes and 
subsequently the fertility of plant. ^  
I A vast array of meiotic aberrations were induced with SA, 
MH and DMS in the present investigation. Meiotic abnormalities 
inc reased with the increase in d o s e / c o n c e n t r a t i o n of the 
mutagen.* Although, the type of abnormalities induced were more 
or less common in both spec ies , bu t the frequency of 
aberrations were comparatively more in T.corniculata, indicating 
85 
its sensitivity to the mi;tagens. DMS induced highest frequency 
of meiotic aberrations. (^Different types of meiotic abnormalities 
observed in the present investigation have also been reported by 
different workers, in different plant materials after treatment with 
physical and chemical mutagens''viz. Singh and Roy (1971) in 
Trigonella foenum-graecum, Rao and Lakshmi (1980) in Capsicum 
annuum, Tarar and Dnyansagar (1980) in Turnera ulmifolia, 
Ahmad and Godward (1981) in chick pea, Kumar and Dubey 
(1998c) in Lathyrus sativus, Mishra and Raghuvanshi (1988) in 
Trigonella foenum-graecum, Zeerak (1992a) in Lycopersicon 
esculentum, Reddy and Annadurai (1992) in Lens culinaris, Anis 
and Sharma (1997) in Capsicum annuum, Mitra and Bhowmik 
(1996) in Nigella sativa, Anis and Wani (1997) in Trigonella 
foenum-graecum, Anis et al. (1999) in Capsicum annuum, Verma 
et al. (1999) in Lens culnaris and Dhamyanthi and Reddy (2000) 
in Capsicum annuum. Most of these workers have obtained a 
dose dependent increase in meiotic aberrations and the varietal 
sensitivity to mutagenic treatments was also reported by some 
workers. 
S t i ck iness of chromosomes was the most common 
abnormality observed in the present investigation. Chromosomes 
clumped into one, two ore many groups due to stickiness at 
m e t a p h a s e caus ing difficulty in normal d i s junc t ion of 
chromosomes. These results are in agreement with Sinha and 
Godward (1972b); Katiyar (1978), Tarar and Dnyansagar (1980) 
and Mitra and Bhowmik (1996), who also reported stickiness as 
the most common abnormality and grouping of different bivalents 
due to s t i ck ines s . S t i ck iness could be due to a par t i a l 
dissociation of the nucleoproteins and alterations in their pattern 
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of organiza t ion (Anis a n d Sharma , 1997) or due to the 
depolymerisation of nucleic acid caused by mutagenic treatment 
(Tarar and Dnyansagar, 1980). Darlington and La Cour (1945) 
observed this feature in Allium and Trillium and suggested that 
there was a reduction of correctly polymerized nucleic acid on 
the chromosomes producing characteristic errors of spiralization 
which combined with superimposed excess of non-polymerized 
nucleic acid to cause surface stickiness.*:) 
1 The frequency of univalents ranged from 2-5 per PMC and 
these were later found as laggards at anaphase and telophase 
s t ages . Univalents seem to ar ise from par t i a l or lack of 
homologous chromosome pairing or due to cryptic s tructural 
changes in some of the chromosomes which restrict pairing. Rao 
and Laxmi (1980) attributed univalent formation to the partial 
and complete lack of homologous chromosome pairing. Further, 
the disturbances in the pairing was ascribed to the presence of 
chromosome breakage in the PMCs of plants raised from treated 
seeds. Some of the univalents disjuncted early and presumably 
this happened due to genie differences. Such chromosomal 
divergences in the form of precocious movement is pointed 
towards structural differentiation of homologous pair (Anis and 
Wani, 1997). Mitra and Bhowmik (1996) reported that non-
pairing and early separation of chromosomes at meiosis may 
result in the formation of univalents. Zeerak (1992a) concluded 
that mutagen induced structural changes in chromosomes and 
gene mutations might be responsible for the failure of pairing 
among homologous chromosomes and hence the presence of 
univalents. J 
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Different types of 5iultivalent associations (Tri, tetra and 
chain of bivalents) as observed in the present investigation have 
also been reported by many workers. Alteration in chromosome 
associations which composed of uni, tri, tetra and multivalents 
were possibly the outcome of non or i r regular pai r ing of 
chromosomes or due to translocations (Katiyar 1978). According 
to Zeerak (1992a) multivalent formation can be attributed to 
irregular pairing and breakage followed by translocations and 
inversions. 
The laggards observed during the present investigation may 
be due to delayed terminalization, stickiness of chromosomes 
ends or because of failure of chromosomal movement (Jayabalan 
and Rao, 1987b; Soheir et al, 1989). Schulz and Shaeffer (1980) 
concluded that lagging chromosomes and their presence as 
univalents may result in aneuploidy. 
Bridges without fragments at anaphase and telophase stages 
were frequently observed in the present investigation. Bridges 
often break as the dyads move further apar t in the late 
a n a p h a s e . The presence of chromosome br idges wi thout 
fragments may be due to restitution or the fragments getting 
entangled or attached with normal chromatids of chromosomes 
(Tarar and Dnyansagar , 1980). PMCs with a single bridge 
without acentric fragment in Anaphase I is formed by two sister 
chromatids of a broken chromosome which has undergone fusion 
during interphase at the time of duplication (Mc Clintock, 1938). 
In the p resen t invest igat ion, bridge formation can be 
attributed to the general stickiness of chromosomes at metaphase 
stage or breakage and reunion of chromosomes or chromatids. 
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Similar bridges are reported by many workers after irradiation 
and chemical treatments (Tarar and Dnyansagar, 1980; Reddy et 
al, 1992; Reddy and Annadurai, 1992; Zeerak, 1992a; Anis and 
Sharma 1997). The presence of the chromosome bridge was 
common at anaphase I, this may be due to the paracentric 
inversion (Tarar and Dnyansagar, 1980). 
Movement of bivalents towards poles at Anaphase due to 
non-disjunction of homologous chromosomes at metaphase as 
observed during the present study was due to st ickiness of 
chromosomes and could resu l t in unequa l d i s t r ibu t ion of 
chromosomes in the daughter nuclei (Anis and Wani, 1997). 
Abnormalities, such as lagging chromosomes and unequal 
separation of chromosomes especially the last one would lead to 
the production of aneuploid gametes and thus of aneuploid 
plants in the next generation. Such plants (aneuploids) are of 
immense importance in fundamental as well as applied research 
in crop improvement. It may be noted that, in case of unequal 
s epa ra t i on at AI, the most frequent s epa ra t ion was 9:7 
chromosomes. A functioning gamete with 9 chromosomes will 
produce a trisomic upon union with a normal gamete (Wani, 
2000) . Mitra and Bhowmik (1996) repor ted t ha t unequa l 
separation of chromosomes was caused by spindle irregularities^ 
Micronuclei generally arise from fragments and lagging 
chromosomes which failed to reach the poles and get included 
in the daughter nuclei (Kumar and Dubey 1998c). 
Cytomixis refers to the migration of chromatin/chromosomes 
from one cell into the cytoplasm of another cell through 
cytoplasmic channels . Cytomixis has been reported to occur 
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mainly during prophase .1 when the callose wall that surrounds 
the microsporocytes is not yet fully formed. The probable causes 
of cytomixis are fixation effects (Heslop-Harrison, 1966; Haroun, 
1995), pathological conditions (Bobak and Herich, 1978), altered 
physiological controls (Bell, 1964), changes in gene control 
(Omara, 1976). The process is considered to be a source of 
production of aneuploid and polyploid gametes (Koul, 1990; Yen 
et al., 1993). Cytomixis between and among different stages of 
meiosis was also reported by Maria de Souza and Pagliarini 
(1997) in Centella asiatica. 
In the present study, DMS proved to be most effective in 
inducing the maximum frequency of aberrations followed by MH 
and SA. Similar results with other alkylating agents like EMS 
were reported by Reddy and Annadurai (1992), Singh et al. 
(1989) and Roy (1989) in lentil; Dhamyanthi and Reddy (2000) 
in Capsicum annuum. 
Mann (1977) suggested that alkylating agents react with 
several nucleophilic centres in a cell, with DNA being the 
primary site of alkylation. The alkylated DNA separates and leave 
the DNA depurinated; resulting in gaps in the DNA molecule. 
These gaps may initiate same exchange process at this stage, 
giving rise to various types of observed aberrations. 
Among different stages of meiosis, the frequency of meiotic 
aberrations was maximum at metaphase stage in the present 
study. Similar observations were also reported by Mitra and 
Bhowmik (1996) in Nigella sativa and Kumar and Dubey (1998c) 
in Lathyrus sativus L. 
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I Studies on various quantitative traits in Mj generation have 
revealed that no appreciable change was caused among different 
polygenic t ra i ts as indicated by the pooled mean values of 
different mutagens, although the mutagenic effect was clearly 
evident at different concentrations of all mutagens by reduction 
in plant height, number of branches, number of pods per plant, 
number of cluster per plant , number of pods per cluster , 
number of seeds per pod, 1000 seed weight (g) and total plant 
yield at higher treatments and stimulation in the mean values of 
these traits in some lower treatments. -
A decrease in plant height, number of branches, number of 
pods per plant , seeds per pod and seed yield are common 
features of mutagenic treatments in various crops (Sree Ramulu, 
1974; Sharma and Sharma, 1982; Laxmi and Gupta, 1983; Khan, 
1984; Sarkar and Sharma, 1989; Tripathi and Dubey, 1990; Jain 
and Agrawal, 1993; Kumar and Dubey, 1994, 1998a, 1998b; Anis 
et al., 1999).) 
The coefficient of variation increased for almost all polygenic 
traits in the treated populations as compared to control in Mi 
generation. Similar increase in CV for most of the quantitative 
traits in Mi was also reported earlier (Sahai and Dalai, 1974; 
Sharma and Sharma 1982; Khan; 1984). 
Since no appreciable change was observed within pooled 
mean values for various quantitative characters, it could be due 
to the fact that in the present study macro-mutational variants 
were excluded from the assessment of mean in Mi and data 
were recorded on normal looking plants only. 
91 
The chlorophyll mutation rate in M2 has been used as a 
prel iminary index for est imating relative genetic effects of 
mutagenic treatments and mutability of the variety (Gustafsson, 
1951; Gustafsson and Von Wettstein, 1956). It is assumed that 
the changes in green colour of plant are related with point 
muta t ions , intragenic changes or small delet ions. However, 
complete fertility of heterozygotes (obtained by cross ing 
chlorophyll mutan t s with normal) indicates that chlorophyll 
muta t ions are genie. Chlorophyll development seems to be 
controlled by many genes located on several chromosomes (Goud, 
1967a) which could be adjacent to centromere and proximal 
segments of chromosomes (Swaminathan, 1964; 1965) Mutations 
in these chlorophyll genes may induce chlorophyll mutations. 
The mutation frequency and spectrum of mutations have 
been reported to be controlled by the nature of mutagens as 
well as genotypic architecture of the varieties (Sidorova, 1966). 
Despite the fact that different frequencies of similar mutations 
are induced by different mutagens, the chief limiting factor in 
the induc t ion and recovery of mu ta t i ons is the genetic 
constitution of the experimental material (Gregory, 1965). 
In general, all mutagenic treatm'^nts induced fairly high 
frequency of chlorophyll mutations with four different types of 
chlorophyll mutants viz. albina, xantha, chlorina and maculata, 
in the present investigation. Though, the chlorophyll mutation 
frequency initially increased with the increase in dose of the 
mutagen, a slight decrease in mutation frequency was observed 
at higher treatments of all mutagens with a few exceptions. 
Similar c la ims of obta ining high frequency of chlorophyll 
mutations with medium or lower doses of mutagen were made 
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by Srivastava et al. (1973); Nadarajan et al (1982); Kharakwal 
(1998b); Mitra and Bhowmik (1999). However, dose dependent 
increase in mutation frequency as reported by Sarkar (1985); 
Kulshreshtha and Singh (1983) and Das and Kundagrami (2000) 
are in contradiction with the results obtained in the present 
study. The conflicting results may be due to differential response 
of genotypes in relation to differences in dose range of the 
mutagen used. 
It seems that strong mutagens reach their saturation point 
even at lower doses in the highly mutable genotypes and further 
increase in dose does not add to the mutation frequency. With 
the increase in dose beyond a point, the strong mutagen became 
more toxic than the higher doses of relatively weaker mutagen 
(Filippetti et al.,1977). 
The decrease in mutation frequency at higher doses may be 
a t t r ibuted to chromosomal aberra t ions or sa tura t ion in the 
mutational events which may result in the elimination of mutant 
cells during the growth (Brock, 1965). 
The occurrence of chlorophyll mutat ions in the present 
investigation showed predominance of xantha followed by chlorina 
and maculata in both the species, suggesting that genes for 
xanthophyll development are readily available for mutagenic 
action. Albina type was found in the least frequency. Similar 
observations were made by Reddy and Annadurai (1992) in lentil. 
Mutagen dependent specificity for var ious chlorophyll 
mutat ion type was found to be an interesting phenomenon. 
Certain mutat ions appeared more frequently whereas , some 
chlorophyll mutations did not appear in the population. The 
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relative pattern of mutagenic specificity of this kind has been 
demonstrated by several workers (Blixt et al., 1963; Nerkar, 
1970; Hussein et al., 1974; Sharma, 1977; Chekalin, 1977; 
Waghmare, 1993). 
Based on the extent of chlorophyll mutation frequency and 
spectrum, T. corniculata found to be more sensitive as compare 
to T. foenum-graecum and showed a wider spec t rum of 
chlorophyll muta t ions . Similar varietal sensitivity has been 
reported in Lathyrus sativus (Prasad and Das, 1980c), chickpea 
(Kharakwal, 1998b), urdbean (Singh et al, 1999), grasspea (Das 
and Kundagami, 2000). 
The usefulness of a mutagen depends both on its mutagenic 
effectiveness and efficiency, efficient mutagenesis being the 
production of maximum desirable changes accompanied by the 
least possible undesirable changes. Mutagenic effectiveness is a 
measure of the frequency of mutations induced by unit dose of 
mutagen. Mutagenic efficiency is an indicative of the proportion 
of mutat ions against associated undesirable biological effects 
such as gross chromosomal aberrations, lethality and sterility, 
induced by the mutagen in question (Konzak et al., 1965; Nilan, 
1967). 
Mutagenic effectiveness and efficiency has been worked out 
by a number of workers in different crops eg. Kaul and Bhan 
(1977) in rice, Sharma and Sharma (1981) in lentil, Kumar and 
Dubey (1994) in Brassica, Thakur and Sethi (1995) in barley, 
Geetha and Vaidyanathan (1997) in Soybean, Bhattacharjee et al. 
(1998) in Catharanthus roseus, Kharakwal (1998a) in chickpea, 
Khan (1999) in black gram. They studied the effectiveness and 
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efficiency of various mutagens and concluded that alkylating 
agents are more effective and efficient in inducing mutations. 
Furthermore, the lower doses of mutagen were more efficient and 
effective as compared to the higher doses. 
A common observation in the present investigation revealed 
that the degree of effectiveness and efficiency varied among 
different mutagens as also between the two species. In general, 
T. corniculata showed greater mutagenic response as compare to 
T. foenum-graecum. Similar differences in mutagenic response has 
also been reported by Sharma and Sharma (1981), Kharakwal 
(1998a) and Khan (1999). 
In general, lower or intermediate treatments proved to be 
most effective and efficient in inducing mutations in the present 
investigation. This confirms, the findings of Kharakwal (1998a) in 
chickpea. The higher efficiency of lower concentrat ions of a 
mutagenic agent is due to the fact that the biological damage 
(seedling injury, lethality, and sterility) increases with the 
increase in dose at a faster rate than the mutations (Konzak et 
al., 1965). 
In the present investigation, SA proved to be most effective 
and efficient among the different mutagen on the basis of 
lethality and meiotic aberra t ions . Similar observations were 
recorded by Konzak et al. (1965) and Nilan et al. (1973) also. In 
contrary to this, on the basis of lethality, DMS proved to be 
most efficient mutagen. 
Mutagenic efficiency seemed to vary with respect to lethality, 
sterility and meiotic aberrations. In general, mutation rate based 
on meiotic aberration (Mf/M) was highest, followed by lethality 
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(Mf/L) whereas, it was lowest in case of sterility (Mf/S). Among 
the different mutagens, SA showed highest mutation rate followed 
by DMS. MH was least efficient. Thakur and Sethi (1995) also 
reported SA as a most effective and efficient mutagen compared 
to other mutagens in barley. Such variations in the mutagenic 
efficiency based on different criteria used, has also been reported 
by Sharma and Sharma (1981) in lentil. Dixit and Dubey (1986) 
in lent i l , Geetha and Va idyana than (1997) in Soybean, 
Bhattacharjee et al. (1998) in Catharanthus roseus. 
The decrease in effectiveness at higher treatments may be 
attributed to the failure in proportionate increase of mutation 
frequency with increase in dose/concentra t ion of mutagens . 
Similar results were obtained by Gupta and Yashvir (1975) in 
Setaria italica, Nerkar (1977) in Lathyrus sativus and Singh and 
Chaturvedi (1980) in Vigna radiata. 
Besides chlorophyll m u t a t i o n s , several morphological 
mutants, exhibiting change in their morphological features were 
isolated in the screening of Mj popu la t ions . Some of the 
morphological mutations viz. mutations affecting growth habit and 
mutation affecting pods and seed characteristics appeared more 
frequently than others. The occurrence of certain mutations in 
high frequency may be because of the genes governing these 
characters are probably more sensitive to mutagenic treatments. 
Nilan (1967) concluded tha t different m u t a g e n s and 
treatment procedures may also change the relative proportion of 
different mutation types. Differences in the frequency of various 
morphological mutations have been reported in the published 
literature (Sharma, 1977; Sarkar, 1985; Dixit and Dubey, 1986; 
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Tyagi and Gupta, 1991; 'Tr ipa th i and Dubey, 1992; Vandana et 
al., 1994; Solanki and Sharma, 1999a). 
The frequency of these morphological mutan ts differed among 
different mutagens as also between the two species. The genetic 
differences in the cultivars under reference for inducing spectrum 
and frequency of m u t a n t s have also been observed in Bengal 
g ram (Nerkar and Mote, 1978) , lent i l ( S h a r m a and S h a r m a , 
1981), pigeonpea (Rao and Reddy, 1984) and in urdbean (Singh 
et al, 1999). 
The m o s t s t r i k i n g m u t a n t s in the p r e s e n t i n v e s t i g a t i o n 
include tall, dwarf, bushy, broad leaf, pod size and bold seeded 
m u t a n t s . All these mutan t s were confirmed true breeding in the 
M3 generat ion. Similarly, Verma and Singh (1984), Pandey and 
Raghuvanshi (1988), Singh et al. (1978), Singh and Yadav (1991), 
Singh (1996), Singh et al. (1999) reported mu ta t i ons for p lant 
type, b ranch ing pa t te rn , leaf morphology, peduncle length, pod 
length, seed colour and boldness etc. 
The p o s s i b l e c a u s e of t h e s e m a c r o - m u t a t i o n s m a y be 
chromosomal aberra t ions , small deficiencies or dupl icat ions and 
m o s t p r o b a b l y gene m u t a t i o n s (Singh et al., 1980) . Severa l 
w o r k e r s h a v e r e p o r t e d t h a t t h e s e v i a b l e m u t a t i o n s were 
monogenic and recessive in n a t u r e controlled by one or more 
recessive genes (Singh and yadav, 1982; Singh et al; 1987). 
The bo ld s e e d e d m u t a n t s i s o l a t e d in t h e p r e s e n t 
invest igat ion are of special in teres t , since the m u t a n t showed 
cons iderab le improvement in yield. Cytological observa t ions of 
t h e s e m u t a n t s r e v e a l e d 8 b i v a l e n t s (2n=16) a t m e t a p h a s e 
a l t hough some meiotic a b e r r a t i o n s like s t i ck iness , p recoc ious 
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separation were also met with. The normal cytological behaviour 
of mutants may indicate their genetic nature however, cryptic 
structural changes in the chromosome can not be denied. 
In general , the morphological m u t a n t s induced in the 
present study included agronomically desirable features which 
may possibly be utilized in the future breeding programmes. 
Besides to test the genetic nature of the trait concerned the 
segregat ion pa t te rn of these m u t a n t s will be known after 
crossing them with their respective parents in the future study. 
Mutagenesis has proved to be a handy tool to enhance 
n a t u r a l muta t iona l rate and thereby enlarging the genetic 
var iabi l i ty and increas ing the scope for obta ining desired 
selections. Particularly, induction of micro mutat ions in the 
polygenic system, controlling the quanti tat ive charac ters is 
important for crop improvement. 
The components of yield such as plant height, number of 
branches, number of pods per plant, seeds per pod and seed 
weight have a complex inher i tance . They are known to be 
governed by polygenes, each of which has a small effect. Gregory 
(1956) was of the view that normal appearing plants in the 
mutagenised populations may be variously mutated with a large 
number of small individually inconsequential changes which on 
the whole form a sound basis for artificial and natural selection. 
S tud ie s which under l ine the impor tance of polygenic 
mutat ions in plant breeding have been summarised by many 
workers (Scossiroli, 1965; Gaul, 1965; Brock, 1965; Gregory 
1956, 1965). From the work already reported by seveal authors, 
especially in self-pollinated crops (Rawlings et al., 1958; Bhatia 
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and Swaminathan, 1962- Gaul, 1965; Scossiroli et al., 1966; 
Borojevic and Borojevic, 1972; Chaturvedi and Singh, 1980; 
Khan, 1984; Sharma, 1986), It is now quite clear that polygenic 
mutat ions result in the release of considerable variability in 
mutagen t rea ted popu la t ions . In recent yea r s the role of 
mutation breeding in increasing the variability for quantitative 
characters has been proved beyond doubt (Mehetre et al., 1990 
Ignacimuthu and Babu, 1993; Srivastava and Singh, 1993 
Solanki and Sharma , 1999b; Tickoo and Chandra , 1999 
Waghmare and Mehra, 2000). 
The degree of success in the genetic improvement of 
part icular trait in crop plants depends on the magnitude of 
genetic parameters and the breeding methodology adopted. Since, 
most of the economically important characters are influenced by 
environment, est imates of genetic parameters like genotypic 
coefficient of variat ion, heritabil i ty and genetic advance in 
percent of means are needed to formulate suitable breeding 
procedures and to see the possibilities upto which a particular 
trait could be improved. The increase in genetic variability and 
heritability estimates, due to mutagenic treatments indicates the 
induc t ion of mic ro -muta t ions governing the quan t i t a t ive 
parameters . On the other hand, increased heritability in M3 
generation also indicates that significant gains could be expected 
from selection. 
In the present investigation, data on different quantitative 
characters viz. plant height, number of branches per plant, 
number of pods per plant, number of clusters per plant, number 
of pods per cluster, number of seeds per pod, 1000 seed weight 
and total plant yield were analysed to assess the extent of 
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induced variability in M2 and M3 generation in two different 
species of Trigonella viz., T. foenum-graecum and T. corniculata. 
The mean shifted in positive and negative direction for all 
quantitative traits in the present investigation. The positive shift 
was more pronounced at lower or in termedia te t r ea tmen t s 
whereas, negative shift in the mean values was observed at 
higher treatments. Moreover, there was further increase in the 
mean values towards positive direction especially for yield and 
yield contributing traits in M3 generation as compared to M2 for 
most of the mutagenic treatments. The increase in mean values 
coupled with increased variability in M3 as compared to M2 
especially for pods per plant, 1000 seed weight and plant yield 
suggest scope for further selection in M3 populations. 
Scossiroli et al. (1966) also found increase in the mean 
values of quantitative characters in M2 and M3 generation in 
Triticum and explained th is change as a consequence of 
elimination of "bad" genes. 
By using physical and chemical mutagens many workers 
have found mean values decreasing significantly for most of the 
characters in M2 generation (Brock, 1965; Virk et al., 1978; 
Tickoo and Chandra, 1999). They attributed the decline to either 
physiological damage , caused chiefly by chemical mutagens or 
chromosomal aberrations, caused mainly by irradiations. These 
physiological disturbances get eliminated progressively in the 
subsequen t generation. Brock (1965) observed that random 
mutations in characters with definite selection history, shift the 
treatment means away from the control mean, in the direction 
opposite to the previous selection history. Contrarily, it is 
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proposed that random -mutations bring about unidirectional 
changes in the mean values of almost all the quanti ta t ive 
characters of interest to the plant breeder (Gaul and Aastveit, 
1966) 
Some of the workers argued tha t the induced genetic 
changes are unidirectional in effect and are of negative sign 
(Oka et al., 1958; Sakai and Suzuki, 1964). Small changes in 
quantitative characters which are genetically uncorrected with 
o ther changes of great magn i tude will be symmetr ica l ly 
distributed, when the changes of great magnitude are removed 
from the populations by selection (Brock, 1966; Stucker et al., 
1968). 
Another group of workers believe that mean remains almost 
unchanged a l though there is increase in var iance due to 
mutagenic treatments indicating bidirectional mutat ions (Rao, 
1974; Upadhyaya and Singh, 1979). It is generally believed that 
in a population selected for high mean, the induced mutations 
would reduce the mean since the desirable genes could be 
mutated to undesirable ones. This may be true only when the 
proportion of favourable genes is more than unfavourable genes 
so that possibility of unfavourable mutations is more. The mean 
per formance of a popu la t ion having equal p ropor t ion of 
favourable and unfavourable genes would remain unchanged. 
Since, mutations in plus and minus direction will be equally 
likely (Upadhyaya and Singh, 1979). 
The approximation of the mean of mutated lines to those of 
control can also be explained on the basis of Gregory's model 
(Gregory, 1968), when the number of plus and minus efects are 
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essentially equal if the results in the individual changes are 
exceedingly small. Shift in mean values in both positive and 
negative direction after mutagenic treatment has been reported 
by many workers (Sinha and Joshi, 1986; Mehetre et al., 1996; 
Singh et al, 2000 and Waghmare and Mehra, 2000). 
P lan t height decreased cons iderab ly in most of the 
mutagenic treatments in M2 generation whereas, some lower and 
intermediate treatments of SA and MH showed stimulatory effect. 
Plant height decreased significantly at higher treatments of all 
mutagens in both the species. The occurrence of mutations with 
equal frequencies towards positive and negative directions may 
be considered as an important reason to justify the tendency of 
positive and negative shifts in the mean values for plant height 
(Gregory, 1965). In the treated populations significant decrease in 
plant height has been reported in Triticum (Sinha and Joshi , 
1986), mungbean (Mehetre et al, 1990), grasspea (Waghmare and 
Mehra, 2000) after t r ea tmen t with physical and chemical 
mutagens. Reduction in plant height may be attributed to the 
fixation of genes controlling reduced plant height (Satyanarayn et 
al, 1993). Singh et al (2000) reported increase in plant height 
whereas, Waghmare and Mehra (2000) reported increase as well 
as decrease in mutagenised population. 
The number of branches per plant increased in most of the 
t rea tments however, a significant reduction was observed at 
higher t rea tments of all mutagens in Mj generation in both 
species. The mean number of branches per plant increased 
further in M3 for all treatments, indicating, mutations in positive 
direction for this trait. The results are in agreement with other 
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workers (Mehetre et al., 1990; Singh et al., 2000; Waghmare and 
Mehra, 2000) who also reported increase in mean number of 
branches after treatments with physical and chemical mutagens. 
It is interesting to note that the treatments which showed 
increase in number of branches also showed increase in number 
of pods per plant, suggesting close correlation between these two 
traits. Both these traits, increased further in M3 generation. It 
indicates that the induced variability for these traits was in 
posi t ive direct ion and the select ion was effective in M2 
generation. 
The decrease in number of pods per p lan t at higher 
treatments in Mj generation is probably due to high sterility 
that still existed in these treatments. However, occurrence of 
polygenic mutation towards positive and negative direction can 
not be denied in such cases. All the selected treatments showed 
significant improvement in pods per plant in M3 in both the 
species. It should be noted here that increase in mean number 
of pods per plant in M3 was associated with increase in genetic 
parameters in most of the t reatments . Such associat ions of 
increased mean with high variability suggest scope for further 
selection in M3. Similar resul ts were obtained in mungbean 
(Tickoo and Chandra, 1999). 
Some workers reported an increase in number of pods per 
plant (Ignacimuthu and Babu, 1992; Singh et al, 2000) others 
reported decrease in pods per plant (Mehetre et al., 1990; 
Srivastava and Singh, 1993; Tickoo and Chandra, 1999) while 
still others reported both increase and decrease in number of 
pods per plant in M2 generation (Abdalla and Hussein, 1977; 
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Upadhyaya and Singh, 1.979; Waghmare and Mehra, 2000) after 
treatment with different physical and chemical mutagens. 
The different treatments of the mutagens do not make much 
dent in the mean pod length in any of the species. It seems to 
be very stable character . However, large and small podded 
mutants were isolated with certain mutagenic treatments. It was 
also observed tha t these large podded m u t a n t s could not 
contribute towards seed yield as the total number of pods per 
plant was much less in comparison to control. 
A significant increase as well as decrease was observed in 
mean pod length in M2 generation in both species. Similar 
resul ts were obtained by Khan (1985a, 1985b) in mungbean. 
Almost all the selected treatments in M3 showed a significant 
increase in pod length in T. foenum-graecum whereas in T. 
corniculata, both significant increase as well as decrease was 
noticed in selected treatments. 
The average number of seeds per pod reduced in the higher 
treatments of all mutagens however, a significant increase in 
overall popula t ion mean was achieved in some lower and 
intermediate treatments in M2 generation. Most of the selected 
treatments showed significant improvement in M3 generation. This 
improvement was associated with increase in variability from M2 
to M3 generation indicating that selection in M2 was effective and 
that this trait could be improved through further selection. 
Increase or decrease in seeds per pod due to mutagenic 
treatments has been reported earlier (Khan, 1984; Tickoo and 
Chandra, 1999; Singh et al, 2000). Wagnmare and Mehra, (2000) 
concluded that increase in seeds per pod in M3 is probably 
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because the individuals carrying sterility due to chromosomal 
aberrations were more frequent in M2 and get eliminated in M3 
generation. 
The 1000 seed weight increased significantly in lower and 
inteimediate treatments of almost all mutagens in M2 generation 
whereas in M3 genera t ion , 1000 seed weight inc reased 
significantly in almost all the selected treatments. This character 
has been reported to be governed by less number of genes 
unlike other polygenic traits (Ghose et al., 1960). 
Increase in seed weight after mutagenic treatment has been 
reported in Triticale (Singh and Joshi, 1986), Lathyrus sativus 
(Sinha and Chaturvedi, 1990), mungbean (Khan, 1984), and 
urdbean (Singh et al., 2000). Decrease in seed weight in both 
M2 and M3 generation has been reported in mungbean (Tickoo 
and Chandra, 1999) and Lathyrus sativus (Waghmare and Mehra, 
2000). 
Plant yield is a complex character and is influenced by 
many other quantitative characters , like branches per plant, 
number of pods per plant, seeds per pod and 1000 seed weight. 
The plant yield as such, is a complex manifestation of large 
number of genes involved in physio-chemical processes of the 
plant system. The plant yield was increased significantly in lower 
and in t e rmed ia t e t r e a t m e n t s of all the m u t a g e n s in M2 
generation whereas, a significant increase for this trait was 
noticed in all selected treatments in M3 generation Increase in 
seed yield is probably due to the increase in other yield 
contributing t ra i ts especially pods per plant and 1000 seed 
weight in these treatments. Increase in seed yield in the present 
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investigation could be attributed to effective selection adopted for 
va r ious yield con t r ibu t ing t r a i t s in M2 and s u b s e q u e n t 
generation. 
Increase or decrease in plant yield following treatments with 
different mutagens has been reported by many workers (Khan, 
1988; Singh, 1988). The increase in yield may be due to 
elimination of detrimental effects after selfing and also selection 
operated against allels for reducing values (Waghmare, 1993). 
Singh (1988) concluded that increase in mean seed yield in M3 
over the M2 and control could be a result of directed selection 
for yield exercised in M2 generation. Tickoo and Chandra (1999) 
observed decrease in seed yield in M3 generation in mungbean. 
Decrease in seed yield following mutagenic treatments in M2 
and M3 generation was reported by other workers also (Rajput 
and Siddiqui, 1983; Sarkar, 1985; Srivastava and Singh, 1993 
and Waghmare and Mehra, 2000). The reduction in mean yield 
can be attributed to higher frequency of mutations with negative 
effects for yield contributing traits. Singh et al. (2000) observed 
significant increase as well as decrease for plant yield in M2 
generation in urdbean. 
In general, the mean values in M3 for all yield and its 
contributing traits were at par with the control in all selected 
treatments, which can be attributed to two reasons. Firstly, the 
selection applied to select normal looking plants in Mi and also 
the select ion of high yielding p l an t s in M2 could lead to 
elimination of plants carrying gross chromosomal abnormalities. 
Secondly the gradual recovery from the non-genetic mutagen 
damage could also attribute significantly to this improvement 
(Sharma and Sharma, 1982). 
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A more close look, on the data for various quanti tat ive 
characters revealed that lower treatments of SA and DMS, and 
in termediate t r ea tments of MH induced not only maximum 
variability but also positive mutations were induced for almost 
all quantitative traits under study. Further, the selection was 
effective in M2 especially for yield and yield contributing traits 
where the mean values increased significantly from M2 to M3 
generation. No linear relationship was observed between the dose 
and mean values for all polygenic traits and species differences 
in terms of mutagenic response were clearly evident. Such 
differences have also been reported by most of the workers 
discussed earlier. 
As stated earlier a wide range of variability was induced by 
all mutagenic treatments in both species. The amount of induced 
variability however, varied not only among different treatments 
but also from trait to trait. No linear relationship was observed 
between the doses and the induced variability for the character 
investigated. Among the different mutagens DMS and SA induced 
greater variability than MH in both species. In M2 generation, 
the highest coefficient of variation was recorded for branches per 
p lant followed by pods per plant and seeds per pod in T. 
foenum-graecum whereas, in T. corniculata highest coefficient of 
variation was recorded in seeds per pod followed by branches 
per plant and pod length. Khan (1988) reported that polygenic 
mutations governing the quantitative characters were the cause 
of induced variability. 
The induced phenotypic variation in M3 generation, although 
high among treated population, does not reveal the relative 
amounts of heritable (genetic) and non-heritable variation. This 
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was ascertained with the help of some genetic parameters such 
as genotypic coefficient of variation (GCV), heritability in broad 
sense (h^) and genetic advance (GA) as a percent of mean. The 
estimates of genotypic coefficient of variation and heritabihty of 
various quantitative characters are essential (Falconer, 1960; 
Kaul and Bhan, 1974; Khan, 1989). Since they indicate the 
degree of stability to the environmental fluctuations and the 
potential transmissibility of a character from parent to offspring 
and from generation to generation. It is clearly evident from the 
da ta tha t cons iderab le amount of genotypic coefficient of 
variation was induced in all the selected treatments, for different 
polygenic traits in both species. In general, the highest genotypic 
coefficient of variation was recorded for pods per plant followed 
by branches per plant and seeds per pod in T. foenum-graecum 
whereas , in T. corniculata, h ighest genotypic coefficient of 
va r ia t ion was recorded for 1000 seed weight followed by 
b ranches per plant and c lus ters per plant . The amount of 
genotypic coefficient of variation (GCV) was comparable for rest 
of the yield contributing traits whereas, plant height recorded 
comparatively lower values of GCV in both species. 
Factors responsible for such increase are considered to be 
favourable for mutation work in polygenic systems (Sharma and 
Sharma, 1982). The studies in different crops have shown that 
the genetic variability is subsequent ly enlarged for various 
quantitative characters in M2 and subsequent generation after 
mutagenic treatment (Goud, 1967b; Gaul et al, 1969; Rao and 
Siddiq, 1977). No dose dependent increase was observed for 
genotypic coefficient of variation for the characters investigated. 
This may be due to addi t ional uncontrol led environmental 
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variation (Conger et al., .1966). Similar results were reported by 
Khan (1988) in mungbean, Khan et al. (1998) in Vigna radiata, 
Singh et al. (2000) in urdbean. 
Heritability is one of the important way to estimate the 
heritable portion of the total variation induced. Besides, the 
most important function of heritability in the genetic studies of 
quanti tat ive characters , is its predictive role expressing the 
reliability of phenotypic value as a guide to the breeding value. 
The heritability is a property of not only a character but also of 
the population and the environmental circumstances to which the 
individuals are subjected to. Since the value of heritabili ty 
depends on the magnitude of all the components of variance, a 
change in any one of these may affect it. 
Heritability, in the control populat ions was low for all 
polygenic t ra i t s . However, a wide range of heri tabil i ty was 
observed in the treated populations. In general, heritability was 
medium to high for most of the polygenic t r a i t s . Different 
workers have different opinions regarding the range or amount of 
heritability for various quantitative traits. Nevertheless a wide 
range of heritability induced by physical and chemical mutagens 
has been reported by different workers, Upadhyaya and Singh 
(1979) in soybean, Sharma and Sharma (1982) in lentil. Khan 
(1984) in mung bean, Ignacimuthu and Babu (1993) in pigeon 
pea etc. The disparity in results could be because heritability is 
a property not only of a character but also of the population, 
environment and the circumstances to which the genotype is 
subjected to (Falconer, 1960; Kaul, (1980). 
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Kaul and Bhan (1^74) suggested tha t all the genet ic 
components are influenced by gene frequencies (which differ from 
popu la t ion to popu la t ion according to the h is tory of the 
population) and by the environmental variat ions, since more 
variable conditions reduce heritability or more uniform conditions 
increase it. The high estimates of heritability in the quantitative 
characters have been found to be useful in selecting suitable 
types based on their phenotypic performance. 
A rational approach towards the improvement of any 
crop p lan t involves select ion. A selection within the base 
population and utilisation of selected material would produce 
germplasm and that will result in the desired ideotypes. Johnson 
et al. (1955) advocated that heritability estimates along with 
genetic advance is usually more helpful than heritability value 
alone in predicting the resul tant effect of selection. This is 
probably because heritability estimates are subjected to genotype-
environmental interactions (Lin et al., 1979). Genetic advance is 
indicative of the expected genetic progress for a particular trait 
under suitable selection procedure and consequently carries 
much significance in self-pollinated crop. 
The estimated value of genetic advance in percentage of 
mean, were of high magnitude for all the yield contributing 
traits. The value differred in different mutagenic treatments and 
also from trait to trait. In general, genetic advance was high for 
pods per plant followed by branches per plant and seeds per 
pod in T. foenum-graecum whereas, in T. corniculata, it was 
highest for 1000 seed weight followed by branches per plant and 
clusters per plant. Increase in heritability and genetic advance in 
the treated population is mainly due to increase in genetic 
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component i.e. the induced genetic changes for the quantitative 
characters. From the plant breeding point of view, this should 
mean a higher response to selection (Sharma and Sharma, 
1982). 
The higher values of heritability and genetic advance (GA) 
also suggested that mutations have mostly occurred at the loci 
having additive effects (Lawrence, 1965). Increase in heritability 
coupled with increase in genetic advance has also been reported 
earlier (Sharma and Sharma, 1982; Khan, 1984; Ignacimuthu and 
Babu, 1992; Lokesh and Veeresh, 1993). 
In general, results about yield and yield components are 
quite encouraging, since they possess sufficient high value of 
heritability and genetic advance. 
The high yielding variants isolated in M2 generation showed 
considerable improvement in yield and yield related traits in M3 
generation also. The increase in pods per plant and 1000 seed 
weight were probably the main reasons of increase in seed yield 
per plant among these mutant lines. It appears that these two 
traits are highly correlated with yield in Trigonella sps. Among 
different m u t a n t l ines isolated in the p re sen t s tudy , the 
maximum plant height was recorded as 51.62cm in case of T. 
corniculata D as compared to 48.09cm in control. Similarly, the 
h ighes t b r a n c h e s per p lan t were recorded in case of T. 
corniculata E. (8.73) as compared to 6.63 in control. In case of 
T. foenum-graecum the highest number of pods were observed in 
T. foenum-graecum C (22.80) as compared to 12.50 in control. 
Whereas, in T. corniculata, the highest clusters per plant were 
noticed in T. corniculata E (80.13) as compared to 65.53 in 
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control. The maximum. 1000 seeds weight (10.58 g) and seed 
yield per plant (2.40 g) were recorded in T. foenum-graecum A 
and T. foenum-graecum C respectively. All the mutan t lines 
isolated in the present investigation showed considerable increase 
in coefficient of variation as compared to the controls for almost 
all quantitative traits under study, thus suggesting possibilities 
of selecting better high yielding types in the future generation. 
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SUMMARY AND CONCLUSIONS 
In t h e p r e s e n t i n v e s t i g a t i o n s , m u t a g e n i c e f f e c t s of 
S o d i u m a z i d e (SA), Male ic h y d r a z i d e (MH) a n d D i m e t h y l 
s u l p h a t e (DMS) were s t u d i e d in two s p e c i e s of Trigonella 
viz., Trigonella foenum-graecum L. and Trigonella corniculata 
L. 
The m a i n ob j ec t i ve of t h e s t u d y w a s to e n h a n c e t h e 
genetic variabi l i ty for var ious quant i ta t ive t r a i t s and isolat ing 
s u c h l i n e s s h o w i n g d e s i r e d shif t in m e a n v a l u e s . V a r i o u s 
o the r a s p e c t s of the s tudy were 1. Biological d a m a g e in Mj 
g e n e r a t i o n 2 . M u t a g e n i c e f f e c t i v e n e s s a n d eff ic iency 3 . 
S c r e e n i n g of c h l o r o p h y l l a n d v i a b l e m u t a t i o n s a n d 4 . 
E s t i m a t i o n of her i t ab i l i ty (broad sense) and genet ic advance 
(percent of mean) . 
6.1 S e n s i t i v i t y s t u d i e s 
The effect of different mutagen ic t r e a t m e n t s was s tud ied 
in some biologica l p a r a m e t e r s viz. , seed g e r m i n a t i o n , p l a n t 
s u r v i v a l a n d p o l l e n f e r t i l i t y in Mj g e n e r a t i o n . B e s i d e s , 
m e i o t i c b e h a v i o u r of c h r o m o s o m e s a f te r t r e a t m e n t s w i th 
different chemica l m u t a g e n s was also car r ied out . 
a) S e e d g e r m i n a t i o n , p l a n t s u r v i v a l a n d p o l l e n f e r t i l i t y 
d e c r e a s e d with the i nc rease in m u t a g e n i c t r e a t m e n t . 
b) C h r o m o s o m a l a b n o r m a l i t i e s i n c r e a s e d with the i n c r e a s e 
in m u t a g e n i c t r e a t m e n t . V a r i o u s m e i o t i c a b e r r a t i o n s 
i n d u c e d by SA, MH a n d DMS w e r e s t i c k i n e s s , 
u n i v a l e n t s , m u l t i v a l e n t s , p r e c o c i o u s s e p a r a t i o n of 
c h r o m o s o m e s , l a g g a r d s , b r i d g e s , n o n - d i s j u n c t i o n and 
cytomixis etc . 
c) The order of effectiveness for three m u t a g e n s in case of 
g e r m i n a t i o n w a s SA > DMS > MH w h e r e a s , in ca se of 
s u r v i v a l of p l a n t s a n d p o l l e n f e r t i l i t y , t h e o r d e r of 
ef fec t iveness was DMS > MH > SA in bo th the spec i e s 
of Trigonella. 
d) Among the two spec i e s , Trigonella corniculata w a s more 
s e n s i t i v e to c h e m i c a l m u t a g e n s a s c o m p a r e d to 
Trigonella foenum-graecum. 
e) S t u d i e s on v a r i o u s q u a n t i t a t i v e t r a i t s in Mi r e v e a l e d 
tha t lower or in te rmedia te t r e a tmen t s showed s t imula tory 
e f f ec t , w h e r e a s , h i g h e r t r e a t m e n t s of a l l m u t a g e n s 
r educed the mean va lues . 
f) The coeff ic ient of v a r i a t i o n (CV) w a s h igh a m o n g the 
t r ea t ed popu la t ion a s compared to control in Mj. 
6 .2 Qual i ta t ive m u t a t i o n s 
a) A wide r a n g e of c h l o r o p h y l l and v i ab le m o r p h o l o g i c a l 
m u t a t i o n s were induced in M^ gene ra t ion . 
b) C h l o r o p h y l l m u t a t i o n s i n i t i a l l y i n c r e a s e d w i t h t h e 
i n c r e a s e in d o s e / c o n e , w h e r e a s , a s l ight dec l ine in the 
m u t a t i o n frequency was not iced at h igher t r e a t m e n t s . 
c) F r e q u e n c y of x a n t h a m u t a n t s was h i g h e s t followed by 
ch lo r ina and m a c u l a t a in bo th the spec ies . 
d) The m o s t p r o m i s i n g morpho log ica l m u t a t i o n s were ta l l , 
dwarf, b u s h y , and bold seeded m u t a n t s . 
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e) M u t a g e n i c e f f e c t i v e n e s s w a s h i g h e s t a t l o w e r or 
i n t e r m e d i a t e t r e a t m e n t s of all m u t a g e n s . SA proved to 
be mos t effective followed by DMS and MH. 
f) M u t a g e n i c e f f i c i e n c y w a s h i g h e s t on t h e b a s i s of 
c h r o m o s o m a l a b n o r m a l i t i e s followed by efficiency b a s e d 
on le tha l i ty . 
g) SA p r o v e d to be m o s t e f f i c i e n t m u t a g e n b a s e d on 
s t e r i l i t y a n d m e i o t i c a b e r r a t i o n s , w h e r e a s , DMS w a s 
mos t efficient ba sed on le thal i ty in i nduc ing m u t a t i o n s . 
6 . 3 Induced po lygen ic var iat ion 
a) The lower or i n t e r m e d i a t e t r e a t m e n t s of al l m u t a g e n s 
s h o w e d p o s i t i v e s h i f t , w h e r e a s , h i g h e r t r e a t m e n t s 
s h o w e d n e g a t i v e sh i f t in t h e m e a n v a l u e s of v a r i o u s 
polygenic t r a i t s in M.j genera t ion . 
b) The m e a n v a l u e s i n c r e a s e d f u r t h e r in M3 g e n e r a t i o n 
especia l ly for yield and yield con t r ibu t ing t r a i t s . 
c) The coefficient of v a r i a t i o n (CV) i n c r e a s e d c o n s i d e r a b l y 
in al l m u t a g e n i c t r e a t m e n t s in M2. However , no dose 
d e p e n d e n t inc rease in CV was not iced. 
d) All t h e g e n e t i c p a r a m e t e r s viz . , PCV, GCV, h^ (b road 
sense ) and GA (percent of mean) were h igh among the 
t r e a t e d p o p u l a t i o n s a s c o m p a r e d to c o n t r o l in M3 
gene ra t i on . 
e) The i s o l a t e d m u t a n t l i n e s in M2 a n d M3 g e n e r a t i o n 
showed cons iderab le increase in n u m b e r of b r a n c h e s per 
p l a n t , n u m b e r of pods per p l an t and 1000 seed weight 
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(g) leading to an i-ncrease in overall seed yield per plant 
of these mutant lines. 
In general, lower or intermediate t rea tments of SA, 
MH and DMS induced greater variability and proved to 
be more effective and eff icient t h a n the h i g h e r 
treatments. The following conclusions were drawn in the 
present study. 
1. The two species of Trigonella viz., Trigonella foenum-
graecum L. and Trigonella corniculata L. r e s p o n d e d 
differently to different chemical mutagenic t reatments . 
2. I n c r e a s e in mean v a l u e s coup led with i n c r e a s e in 
g e n e t i c p a r a m e t e r s in M3 s u g g e s t p o s s i b i l i t i e s of 
isolating more promising lines with high yield and high 
heritability in the future generation. 
3. Number of branches per plant, nods per plant and seed 
weight are highly correlated with yield in Trigonella. 
4. Trigonella p lan t is an efficient mater ia l for s tudying 
meiotic behaviour of chromosomes after t reatments with 
d i f fe ren t m u t a g e n s due to i t s la rge size and l e s s 
number of chromosomes. 
5. The yield poten t ia l of the crop can be inc reased by 
efficient se lec t ion of p romis ing l ines in M2 and M3 
generations. 
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